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That’s our fault. We just haven’t met them all. Haven’t 
given them the latest facts. So they’re still buying traditional 
or chip resistors. For companies that are still using compo- 
nents that need more space, deliver decreased performance 
and are altogether less reliable. At greater cost than semi- 
custom Erisistor resistor networks. 

All of which helps to explain why the world’s leading 
manufacturers have rapidly become our customers. Top 
quality companies who are now saving up to 35% on 
handling costs. Economizing on time, documentation and 
manpower. Cutting costs in component ordering, receipt, 
inspection, storage and assembly. 

And with a relative tolerance of 0.1%, they’re gaining 
10 times more performance than a discrete resistor. Plus 4 
times better power dissipation. So heat peaks are elimina- 
ted, hot spots avoided and reliability doubled. And by 
using Erisistor networks, resistance values and varying 
tolerances can be mixed, and connected to any configura- 
tion required. Automatically. Not to mention a 30 % space 
saving on their PCB’s. 

And you still question the savings of an Erisistor semi- 
custom network over traditional resistors? Quite right. So 
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did all our customers. Until they discovered that these 
unique semi-custom components are made in the world’s 
most sophisticated and fully automated production line. 
Backed by a cost-free PC program which lets them specify, 
design and order. In real time. To give manufacture and 
delivery in less than a few weeks. 

With all the speed, technology and low manufacturing 
costs that guarantee a good price, on-time supplies and 
very fast delivery times. Plus all the savings that only 
resistor networks can provide. A rare semi-custom compo- 
nent that offers a unique combination. High quality and 
low cost. Erisistor. Call us for all the facts. 
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Ericson Components AB 

S-164 81 Kista-Stockholm, Sweden 
Telephone + 46 8 757 5000 
Telefax + 46 8 757 4413 
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Ceramic and thick film alone 


cant make a great 


network partnership. 


Dale® can give you more utility — 
and value — from thick film resistor 
networks. We offer the industry's 
widest choice of through-hole 
mounted styles — including 
commercial and MIL-R-83401. 
And, we're well-qualified to guide 
you into efficient use of surface 
mounting with gull wing and 


DALE, 


Dale Makes Your Basics Better 


Dale Can. 


“J’-lead small outline styles proven 
in high-volume applications. 

This wide choice lets us help your 
project teams much earlier in the 
planning process... providing 
faster access to nonstandard 
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resistor and resistor/capacitor 
schematics when required. 
What's more, our extensive 
experience with Just-In- Time 
and Statistical Process Control 
programs can provide a much 
higher comfort level with quality and 
delivery. Call today. Let's discuss a 
partnership that offers maximum 
leverage for efficient network use. 
Contact your Dale Representative 
or phone (915) 592-3253. 
Dale Electronics, Inc., Box 26728, 
El Paso, Texas 79926-6728. 


DALE ELECTRONICS, INC. 
s a VISHAY Company 


~ COMPLIANT TO MIL-STD-883 
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ray SPDT SW TCHES 


ABSORPTIVE... REFLECTIVE 


dc lO 46 GHz from BOO oa 


Tough enough to pass stringent MIL-STD-883 vibration, shock, thermal 
shock, fine and gross leak tests... useable to 6GHz...smaller than most 
RF switches... Mini-Circuits’ hermetically-sealed (reflective) KSW-2-46 
and (absorptive) KSWA-2-46 offer a new, unexplored horizon of 
applications. Unlike pin diode switches that become ineffective below 

1 MHz, these GaAs switches can operate down to dc with control 
voltage as low as -5V, at a blinding 2ns switching speed. 


Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., these 
switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1.5 in its “OFF” state over the entire 
frequency range. These surface-mount units can be soldered to pc 
boards using conventional assembly techniques. The KSW-2-46, priced 
at only $32.95, and the KSWA-2-46, at $48.95, are the latest examples 
of components from Mini-Circuits with unbeatable price/ performance. 


Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case, 
contain five SMA connectors, including one at each control port to 
maintain 3ns switching speed. 

Switch fast...to Mini-Circuits’ GaAs switches. 


SPECIFICATIONS 


Pin Model KSW-2-46 KSWA-2-46 
Connector Version ZFSW-2-46 ZFSWA-2-46 
FREQ. RANGE dc-4.6 GHz dc-4.6 GHz 
INSERT. LOSS (db) typ max typ max 
dc-200MHz 252 eae We 08 1.41 
200-1000MHz 10 <t3 0.9 13 
1-4.6GHz 3 ; a 6 ‘he 2.6 
ISOLATION (dB) typo) min typ min 
dc-200MHz 60 50 60 50 
200-1000MHz 45 40 50 40 
1-4.6GHz 30 23 30 25 
VSWR (typ) ON. 1.3:1 3 
Ss ee 1.4 
SW. SPEED (nsec) 
rise or fall time 2(typ) 3(typ) 
MAX RF INPUT 
(bBm) 
indi up to 50(0MHz HF AT 
finding new ways ... aise Caphits vo a 
setting higher standards 
om os = = CONTROL VOLT. -8V on, OV off -8V on, OV off 
ae Mini-¢ sircuits OPER/STOR TEMP. -55° to +125°C + -55° to +125°C 
PRICE (10-24) $32.95 $48.95 
A Division of Scientific Components Corporation $69.95 $79.95 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


WE ACCEPT AMERICAN EXPRESS C 117 REV. G 
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SPECIFICATIONS 


MODEL 


MAR-1 
MAR-2 
MAR-3 
MAR-4 
MAR-6 
MAR-7 
MAR-8 


NOTE: Minimum gain at highest frequency point and over full temperature range. 


FREQ. 
MHz 


DC-1000 
DC-2000 
DC-2000 
DC-1000 
DC-2000 
DC-2000 
DC-1000 


— de to 2000 MHz 
amplifier series 


Unbelievable, until now...tiny monolithic wide- 


GAIN, dB MAX. NF PRICE $ band amplifiers for as low as 99 cents. These rugged 
PeCOMHE MEO, ee 0.085 in.diam.,plastic-packaged units are 50ohm* 
195° 188 180 Oo ee ae input/output impedance, unconditionally stable 
a 1S we - nee ie oo on regardless of load*, and easily cascadable. Models 
ho gee ao Gate om fee in the MAR-series offer up to 33 dB gain, 0 to 
OO AGN ta. 9 0-28 BON. 405) +11dBm output, noise figure as low as 2.8aB, 
13.5: 972.5 10:8) 85 +3 5.0 1.90 .. (25) = j 
ai) O80) aca ea ae ae ee and up to DC-2000MHz bandwidth. 


@ 1dB Gain Compression 


0 +4dBm 1 to 2 GHz 


designers amplifier kit, DAK-2 


*MAR-8, Input/Output Impedance is not 50ohms, see data sheet. 
Stable for source/load impedance VSWR less than 3:1 


Also, for your design convenience, Mini-Circuits 


Size Tolerance Temperature 


© Of each model, total 35 amplifiers ele 


color dot 


80 x 50 10% X7R 
San only 5 : 5 120x60 10% X7R 
Minimum Order 50 per Value 
e Designers kit, kcap-1,50 pieces of 
each capacitor value, only $99.95 


finding new ways... 
setting higher standards 


[7 Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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offers chip coupling capacitors at 12 cents each.t 


Value 


10, 22, 47, 68, 100, 220, 470, 680, 1000 pf 
2200, 4700, 6800, 10,000 pf 
022, .047, .068, .1pf 


C113-Rev. D 
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On the cover: Advances in optimization 
techniques allow C compilers to produce 
code that’s fast enough for real-time 
systems. See the Special Report on pg 
96. (Photo courtesy Intermetrics Inc) 
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SOFTWARE SPECIAL ISSUE 
SPECIAL REPORT 


C compilers for real-time software 96 


If you’re developing software for real-time systems, your C 
compiler should provide good interrupt-handling facilities, fast 
context switching, a clean assembly-language interface, selectable 
optimizations, and it should be able to handle a fragmented memory 
map.—Chris Terry, Associate Editor 


EDN’s All-Star PC Project—Part 2 107 


EDN’s All-Star PC incorporates 
MNOffON 


several mass-storage devices that 

provide flexible information storage and VA 5 
easy data interchange among PCs. We Frcinloy into The 
frequently crossed the thin line between se 
the leading and the bleeding edges of data-storage technology as 
we tested various storage devices, host adapters, and peripheral 
controllers. —Steven H Leibson, Senior Regional Editor 


DESIGN FEATURES 


Single-chip pPs tax ingenuity 129 
of C-compiler designers—Part 1 


Single-chip-wP designers never had high-level languages in mind, 
but high-level-language designers never had single-chip »Ps in 
mind, either. The first part of this 2-part series contrasts how 
conventional C programs should work and how well single-chip 
wPs actually suit C.—Charles H Small, Senior Editor 


Minimize parasitic problems 145 
in high-speed digital systems 


Parasitics are usually small enough to have little effect on 
performance. However, the organizational, access-time, and 
coordinated-switching requirements of today’s high-speed digital 
systems make ideal breeding grounds for these undesirable signals. 
Therefore, you must now account for those parasitics you could 
previously ignore.—James K Murashige, Logic Devices Inc 


Continued on page 7 
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MORE IS IMORE. 
LESS [5 MORE. 


To many of you, our 15ns GAL22V10 is almost perfect. Which is why we 
designed the 28-pin GAL26CV12 and 20-pin GAL18V10. These new GAL® 
devices repackage the familiar GAL22V10 architecture to give you the flexibility 
your design requires. So more and less, the GAL26CV12 and GAL18V10 make 
perfect sense. 


All three devices offer 15ns Tog using our electrically erasable E CMOS® tech- 
nology, the fastest CMOS PLD ridlogy anywhere. Erasability allows us to 100% 
test each and every GAL device, so you realize perfect programming yields, less 
board rework, and fewer system failures. And you can program them again and 
again and again... 


The new GAL26CV12 and GAL18V10 from Lattice. Proof that once again, 
our logic makes perfect sense. For FREE device samples and a databook, call 
1-800-FASTGAL. Ask for Dept. 202. 


Lattice 


Semiconductor 
Corporation ™ 


5555 Northeast Moore Court « Hillsboro, Oregon 97124 


Inventors of the ECMOS PLD™ 


Copyright© 1990, Lattice Semiconductor Corporation. GAL AND E°CMOS are registered trademarks of Lattice Semiconductor Corporation. 
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Continued from page 5 


Reap the benefits of using highly 
integrated ICs, such as multichannel 
sampling ADCs, by deciding what 
combination of features and 
performance 1s most economical for 
your design (pg 59). 


EDN magazine 
now offers 
Express Request, 
a convenient way 
to retrieve product 
information by 
phone. See the 
Reader Service 
Card in the front 
for details on how 
to use this free 
Service. 


Expressi| H 
Request 
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Optimize code for vector/parallel computers 153 


Despite advances in vector/parallel-processor throughput, you 
should still carefully analyze your program to identify potential 
areas for improvement. By following a defined plan, you can 
optimize your unmodified code with a minimum of effort. Then you 
can make minor changes to the source code to further improve 
throughput.—Howard W Page, Paul C Norris Jr, and Gary 
Brooks, Convex Computers 


TECHNOLOGY UPDATE 


Multichannel sampling ADCs: 59 
ICs and hybrids pose as entire systems 


The benefit of using highly integrated ICs is pure and simple: 
They do more of your work for you. This benefit is especially true 
of the analog front end of data-acquisition systems. ICs and hybrids 
that combine a multiplexer, a S/H amplifier, and an ADC reduce 
the time and effort you would otherwise devote to sensitive analog 
design.—Anne Watson Swager, Associate Editor 


EDITORS’ CHOICE 


ICs for full-duplex, synchronous communications 79 


PRODUCT UPDATES 


3-layer-metal, IC layout software 82 
High-speed ASIC tester 84 
Design, simulation, and layout software 86 


DESIGN IDEAS 


Meter quickly measures low-speed rpm 165 
DRAM control scheme speeds memory access 166 


Continued on page 9 
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OrCAD Answers Your Questions About 


Q: Why simulate? 


A: To save time. 


The ideal development cycle is schematic to prototype to 
production. Simulation dramatically decreases the 
dreaded loop of schematic to prototype to schematic to 


prototype to schematic to... 


A: To save money. 


If your design goes through several iterations, is the 
documentation still accurate? Suddenly your time and 
budget are being spent on laying in patches, not producing. 


A: To make you look good. 


Your schematic is supposed to be the best answer to 
someone else's design problem. Think of how great you'll 


Multiple Outdated 


glitches documentation 


Oops, 


a bad 


prototype 


DESIGN PROCESS 


You need a digital simulator that helps 
you find timing violations and design 
anomalies before you spend time and 
money on prototypes. The result: fewer 
iterations, a shorter design cycle, a more 
reliable product and getting the project 


A: OrCAD/VST offers unsurpassed 
performance on a PC. Independent 
benchmark tests have hailed OrCAD’s 
logic simulator as superior to other simul: 
tors costing 20 times as much. 


right. 


look when you present a solution with no glitches, timing 
violations or other problems. 


Verification of your design doesn’t have to be handled at 
the prototype stage (or worse yet, the production stage). 


A: OrCAD/VST enables you to interac- 
tively verify your design as it develops. A 
netlist from OrCAD’s powerful Schematic 


Why OrCAD/VST? 


¢ Event driven, |2-state functional 


simulator 


¢ 16,000+ events/sec. on an 8 MHz AT 
* 65,000+ events/sec. on a 20 MHz 386 
* Over 14,000 gate capability without 


Design Tools is all that’s required to get 
started. 


A: OrCAD/VST features a user interface 


similar to OrCAD/SDT II, including 
easy-to-use menu driven commands and 
powertul keyboard macros. Your 
valuable time is spent designing and 
testing rather than trying to learn a new 
system. 


A: OrCAD/MOD extends OrCAD/VST 


to PLDs. A set of PLD Simulation 


Modeling Tools, OrCAD/MOD produces 
models of PLDs for OrCAD/VST to use in 


simulation of the larger circuit in which 


additional memory 

* Logical analyzer display format (virtua 
screen displays 50 channels) 

« User selectable min. and max. displays 

¢ Includes component models of TTL, 
ECL, CMOS, Memory devices & 
utilities for creating custom models 

¢ OrCAD’s excellent support: 
technical staff, 24 hour BBS, 1 year fre 
product updates, and a trained sales and 
support network. 


Call or write today for your Demo Disk 
and brochure. 


OrCAD RE 


the PLD will operate. Systems Corporation 

3175 NW Aloclek Drive 

Hillsboro, Oregon 97124 

(503) 690-9881 

OR88391 
If you would like more 
information about this or any 
other OrCAD product, 
contact your local OrCAD 
representative. 
AUSTRIA DENMARK/ UK 
Dahms BELGIUM NORWAY ARS Micro- FINLAND FRANCE 
Elektronik INEX NordCAD systems Elektrotel OY ALS Design 
0316/64030-0 (02) 649.99.91 98 17 32 99 (0276) 685005 (358 0)754-3122 (331) 46 04.30.47 
Fax: 64030-29 Fax:(02)649.27.92 Fax: 98 17 37 41 Fax:(0276) 61524 Fax: 754-2593 Fax: 48 25.93.60 
ITALY SWEDEN W. GERMANY 

LIALY MicroData SPAIN Technology SWITZERLAND Compware, 
BRM Italiana Systems Next-For S.A. Partners Logmatic AG GmbH 
0117/710636 0187/966123 504 02 01 (468)790 97 75 056/83 38 38 4940/81 80 74 
TEL: 011/771.00.10 Fax:0187/988322 Fax: 504 00 69 Fax: (468)16 77 86 Fax: 056/83 38 40 Fax:4940/81 10 37 


FAX: 011/771.01.98 
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EDITORIAL 53 


Don’t mourn the demise of US Memories, a consortium that was 
to produce DRAM chips in the US. The companies that turned 
down the opportunity to join the group—or that were opposed to 
the consortium—knew what they were doing. 


NEW PRODUCTS 


Integrated Circuit: ek in ee ee we EE 
Components & Power Supplies. ..........173 
CAE & Software Development Tools. ...... .176 
Test & Measurement Instruments. ....... .178 
Computers & Peripherals. .............180 


PROFESSIONAL ISSUES 


An engineer’s guide to marketing 


189 
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of modern business.—Jay Fraser, Associate Editor 
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“WE DEPEND ON EDN'S MAGAZINE AND 
_ NEWS EDITIONS TO DELIVER THE 
SPECIFICS ON MAXIM PRODUCTS 
TO POTENTIAL CUSTOMERS.” 


Mike Dikas Maxim Integrated Products is one of today’s fastest 
aa ue - Pde aati growing international suppliers of quality analog ICs. In the past five 
mis vem uinaee Dine, they have introduced more than two hundred proprietary and 
improved second source devices. 


Director of Communications, Mike Dikas has piloted Maxim’s adver- 
tising program since its inception. “EDN’s magazine and news edi- 
tions have played a significant role in introducing many of our new 
products. In the past two years, over 25,000 EDN Magazine and News 
Edition readers have responded to Maxim ads, product releases and 
articles,” says Mike. “Our ads consistently fall in the top 10% in 
reader response in both editions of EDN. What's even more amazing 
is that we typically get less than 5% duplication of responses to the 
same ad in both the Magazine and News Editions.” 


What's that mean for Maxim? “Since both editions deliver the 
same circulation, it’s apparent to us that the same engineers 

read both the Magazine and News Editions for different 

reasons. Given Maxim’s charter of product proliferation, 
EDN’s in-depth coverage of technical issues and timely 


coverage of new products are both of the utmost impor- 
tance to Maxim.” 


Mike Dikas believes in the complementary roles of EDN 
Magazine and EDN News Editions. 


EDN Magazine and News Editions work for 
Maxim Integrated Products. 
They can work for you. 


A Partnership in Power and Prestige Worldwide. 
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FC-1 
FDD SCSI Interface 
Controller — 


The Easy Wayito/Mal 
Drives Intelligent™ ‘i 


An FC-1, small enough to fit inside a 3.5” FDD, 
has the intelligence to handle device-independent 
control of 3.5 and 5%” FDDs for the host computer. 
At its best with 4MB perpendicular recording 
method drives like the TEAC FD-235J, and equally 
happy with formats down to 0.5MB, it is compact, 
lightweight, and competitively priced. Also offer- 
ing expansibility and reduced host loads, the FC-1 
is ideal for the widest possible range of 


applications. 
TEAC FDDs with built-in FC-1 SCSI controllers, 
including the FD-235HS and FD-235JS, are also FD-235J 
available. CIRCLE NO. 7 3.5” Micro Floppy Disk Drive 


Me ee ORS Cl ec et a ee 


TEAC CORPORATION 3-7-3 NAKA-CHO, MUSASHINO, TOKYO, JAPAN TEL: (0422)52-5041 TLX: 2822451 FAX: (0422)55-2554 


BHong Kong, Nissei Sangyo Co., Ltd. Hong Kong Branch Tel: 3-343441-6; KARIN ELECTRONIC SUPPLIES CO., LTD. Tel: 3-898252 MSingapore, NISSEI 
ELECTRONICS, LTD. SINGAPORE BRANCH OFFICE Tel: 2357900; UAC SINGAPORE REP. OFFICE Tel: 2922608 HiNew Zealand, DATAMATIC 
NETWORKS LIMITED Tel: 09-444-0760 MliAustralia, AWA DISTRIBUTION Tel: 02-888-9000 Mindonesia, CHUGAI BOYEKI CO.,LTD. Tel: 370824 
Philippines, COMPEX INTERNATIONAL INC. Tel: 213020 Bindia, Priya Electronics & Chemicals Limited Tel: 2863611 MiKuwait, Bader Al Mulla & 
Brothers Co. W.L.L. Tel: 2423250 United Kingdom, TEKDATA LIMITED Tel: 0782 577677; Data Peripherals ( UK) Limited Tel: 0785 57050 IF.R. Germany, 
nbn Elektronik GmbH Tel: 08152/390 MlAustria, nbn Elektronik GmbH Tel: 0316/40 28 05 HiNetherlands, SIMAC DATA B.V. Tel: 040-582933 HiBelgium & 
Luxemburg, SIMAC ELECTRONICS SPRL/BVBA Tel: 02/252.36.90 France, TEKELEC AIRTRONIC S.A. Tel: (1)4534-75-35 Mlltaly, A.E.S.S.E. S.p.A. Tel: 
02/54.64.741 MSpain, ATAIO INSTRUMENTOS S.A. Tel: 733 05 62 HiPortugal, BASF PORTUGUESA LDA. Tel: (351) 1-562511 liSwitzerland, WENGER 
PERIPHERALS AG Tel: 01/830 75 55 Denmark, Dansk Binzer Teknik A/S Tel: 03/66 20 20 MSweden, MACROTEC AB Tel: 08-733 02 20 MiNorway, 
SCANTELE A/S Tel: (02)65 69 20 MiFinland, INSTRUMENTARIUM CORPORATION Tel: 90-528 4338 

#If no distributor listed above is in your area, please contact us directly for further details about our products. 


Concurrent Com 
Storagelek both 


Am29000 - 20CG/ BB 


~_AUUUuTTTTTHAAATNAN UUUUTETTUUTATTTTUTTHT 
Pv AEE 
Fast embedded processing is one thing. How did they get out of development so fast? 
Bringing it to market first is something else again. AMD's 29K™ RISC microprocessor. 
StorageTek Corporation wanted to build The 29K's 200Mb bandwidth and 192 regis- 
a disk controller for a new mass storage system. ters give it the performance and large data through- 
Concurrent Computer wanted ahighthroughput —_ put essential for fast I/O control and data transfer 
fiber optic I/O link for a new high performance real- And the 29K has one extra feature no one 
time computer system. else gives you today: Complete design support. 


Bruxelles (02-2) 771 91 42 * Geneva (02) 2880025 « Hanover area (0511) 73 60 85 * Hong Kong (5) 8654525 » London area (0483) 740440 » Manchester area (0925) 828008 * Milano (02) 3533241 » Munchen (089) 41 14-0 « 
Osaka (06) 243-3250 « Paris (1) 49 75 10 10 « Seoul (02) 784-7598 « Singapore (65) 348 1188 * Stockholm (08) 733 03 50 « Stuttgart (0711) 62 33 77 « Taiwan (02) 7213393 » Tokyo (03) 345-8241 « Latin America, Fort Lauderdale 
Florida/U.S.A. Tel: (305) 484-8600 TIx: (510) 955-4261 amd ftl 
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The faster the better. 


From Embedded Performance to Step need to get started and finished before anyone 
Engineering hardware development tools to real- else. Contact us. 
time operating systems and software like ANSI C The faster the better. 
sat poe compilers, assemblers, and architectural 
simulators. m “ 

From AMD and over 40 Fusion29K™ partners. Advance ad Micro Device $ \ 
Find out more about the 29K and everything you 901 Thompson Place, P.O. Box 3453 Sunnyvale, CA 94088. © 1990 Advanced Micro Devices, Inc. 


For more information write “29K” on your letterhead and mail to: (In Europe) AMD Mail Operations, P.O. Box 4, Westbury-onTrym, Bristol BS9 3DS United Kingdom (In Asia) Advanced Micro Devices Far East Ltd., 
Rm. 1201-2 Harcourt House, 39 Gloucester Road, Hong Kong, Attn: Andrew Ng. (In Japan) Advanced Micro Devices Japan Ltd., Shinjuku Kokusai Bldg, 6-6-2 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan. 
29K and Fusion29K are trademarks of Advanced Micro Devices, Inc. Where indicated, product and company names are trademarks/registered trademarks of their respective holders. 
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INTRODUC] 


Quick, who was the 
last “great communi- 
cator?” Ah, well, it 
doesn’t matter. Not 
even he controlled the 
unications as well as 


you can now. 

And with a single chip, at that. 
Namely, Motorola's 68302 Integrated 
Multiprotocol Processor. 


CONTROL ALL FORMS 
OF COMMUNICATIONS. 
That's a big promise, but the 68302 
is more than up to it. With three high 
performance serial communications 
controllers, each with multiprotocol 
capabilities, the 68302 can run anything 
from ISDN, WANs and packet networks 
to bridges, concentrators, gateways, 
peripheral /O, modems and more. 
ISDN, by the way, leads that list for 
a very good reason. Because the 
68302's multiprotocol capabilities are 


GREAT COM 


the first sensible way to migrate today’s 
proprietary and defacto protocols 
to emerging standards like ISDN. 


RUN ON A POWERFUL 
68000 PLATFORM. 

The 68302 operates on a 68000- 
based core and it's fully compatible with 
the wide world of existing 68000 soft- 
ware. And with our growing 68300 
family of microcontrollers. 

All that compatibility, obviously, 
can save you loads of development 
time and lots of money, 

In addition to the 68000-core proc- 
essor, the 68302 features a powerful, 
high-speed RISC-based communica- 
tions processor. 

This dual processor approach yields 
efficient communications processing. 
Not to mention the highest perform- 
ance communica- Seis 
tions controller on Ey x, P ualiey 
the market. Ba 
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NG THE NEXT 
MUNICATOR. 


comes with a system integration 
module that's loaded with system glue 
logic (see diagram for details) you'd 
otherwise have to provide yourself. 


NOW A WORD ABOUT 
THE ECONOMY. 
To save you even more money 
(and a bit of board space), the 68302 


is the most highly integrated com- COMMUNICATE TOLL FREE. 
munications controller around. In So whether youre designing for 
addition to its mighty processors, it ISDN or any other form of communica- 


tion, you simply can't do 
— Wf any better than the 68302. 
ee a For more information on 
|| the 68302, the third-party sup- 
port behind it, and our 68302 
Application Development 
isc Main ff’ Systems Evaluation Board, 
Controller 

Bus call 1-800-441-2447 Or contact 
the Motorola Semiconductor 
sales office nearest you. 
It's sure to be the start of 


| some great communication. 


(AA) MOTOROLA 


© 1989 Motorola Inc. 
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A FEW WORDS OR 
FAST SRAMs FROM 


f/i 
Vf 


fp 
wn 


Performance. Speed. 
Manufacturing expertise. 
An unstopping drive for 
technological advance. 

These are some of the 
words for the things that 
have made Samsung the 
leader in FIFOs, and the 
maker of the fastest FIFOs 
available anywhere. 


Capacity Part Number 


64K 


SAMSUNG'S HIGH-DENSITY 


FAST SRAMs IN CMOS. 


KM6165 
KM6165L 
KM6465 
KM6465L 
KM6865 
KM6865L 
KM61257 
KM61257L 
KM64257 
KM64257L 
KM68257P 
KM68257LP 


Org. 


64K x | 
64K x 1 
16K x4 
16K x4 
8K x8 

8K x8 

256K x 1 
256K x | 
64K x4 
64K x4 
32K x8 
32K x8 


Now in development 


Speed 


25/35/45ns 
25/35/45ns 
25/35/45ns 
25/35/45ns 
35/45/55ns 
35/45/55ns 
25/35/45ns 
25/35/45ns 
25/35/45ns 
25/35/45ns 
35/45/55ns 
35/45/55ns 


Package 


SDIP/SOJ 
SDIP/SOJ 
SDIP 
SDIP 
SDIP 
SDIP 
SDIP/SOJ 
SDIP/SOJ 
SDIP/SOJ 
SDIP/SOJ 
DIP 

DIP 


Ss , 


They also represent ad- : 
vantages we bring to high- - 


density fast SRAMs. Which 
we build using the same 
expertise with double-layer 
metal technology that drives 
our FIFO development. 


In the highly sought: | 


after 256K density, our 
SRAMs are available in 


: Jr "| 


NHY YOU SHOULD BUY 
THE LEADER IN FIFOs. 


WAALS 
MMNQQALS 


V4 y KANMAAKAS 
MQYYS 
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669-5400, or 408-954-7000 
now. Or write to SRAM 
Marketing, Samsung 
Semiconductor, 3725 
North First St., San Jose, 
California 95134. 


as high as 25 ns— : performance specialty 
speeds unsurpassed by any : memories. Our SRAMs 
parts in volume produc- : prove it, and the benefits 
tion anywhere. are yours to enjoy. 

Our 64K parts are even : — For data and availability 
information on high-den- 
sity SRAMs in the fastest 
speeds made, and why you 
should buy them from the 
leader in FIFOs, call 1-800- 


faster, with speeds available 
up to 20 ns. 

Today, Samsung is not 
just a leader in FIFOs, but 
in the whole spectrum of 


SAMSUNG 


Semiconductor 


6256. 0 0 es 6 6 Cente whe RO 8) Oh e. ORO. 8 Vet O19) 8 Ah ee) h O10 Sr 


© Samsung Semiconductor, Inc., 1989. 
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The book is our High Speed Design manual, with over 400 
pages of comprehensive technical information. 

But that’s not all you'll get when you attend our full-day 
High Speed Design Seminar. 

If you're working with signals in the megahertz to giga- 
hertz range, you'll also come away knowing how to get your 
design to work quickly. How to save money by choosing the 
right components. Ways to cut down on design time by using 
new techniques. And how to accurately test the performance 
of your parts and systems. 

Specific topics include everything from high speed a/d 
conversion and wide bandwidth amplification, to high speed 
non-linear signal processing, digital video and graphics, and 
time domain functions. 


IF YOU GETA SPEEDING TICKET 


And since the seminar is conducted by Analog Devices, 


you'll be learning from the company that, with over 25 years 


of experience, has become the leader in high speed design. 
A company which continues to advance that position by 
offering the fastest products and the broadest high speed 
product portfolio. 

If you're into high speed design, you should be in this 
seminar. You'll not only receive the seminar manual, but 
also a variety of useful literature, a product sample kit, 
and lunch. 

This is one speeding ticket you'll be glad to get, and it'll 
only cost you $20. To get yours, just fill out and return the 


attached coupon with your check. Or call 1-800-ANALOGD. 


Tickets are limited, though, so you’d better step on it. 


Austria: (222) 885504 -0; Belgium: (3) 237 1672; Denmark: (42) 845800; France: (1) 4666-25-25; Holland: (1620) 81500; Israel: (52) 911415; Italy: (2) 6140977, (2) 6143484, (2) 6143459: 
Japan: (3) 263-6826; Korea: (2) 5543301; Sweden: (8) 282740; Switzerland: (22) 73157 60; United Kingdom: (932) 232222; West Germany: (89) 570050. 
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[1 Yes, I want to attend your High Speed Design Seminar. 


Date: 


| Reserve my space ina hurry. 
| Name 
Title 
| Company 
| Address 
| City State go Biya ee 
| [am currently involved in High Speed Design. Yes __ No —_ 
| Application 
| ’dlike to attend in the following city: 


EDN032990 


a Se 


Please include a check for $20 payable to: Analog Devices 
Return to: Analog Devices, High Speed Design Seminar, 
181 Ballardvale St., Wilmington, MA 01887. 
For more information, call 1-800-ANALOGD (1-800-262-5643). 
March Melbourne, FL-3/19- Atlanta, GA-3/20- Huntsville, AL-3/21> 
Baltimore, MD -3/22+ Tysons Corner, VA -3/23> Santa Clara, CA-3/29> 
Pleasanton, CA-3/30 
April San Diego, CA-—4/2: Irvine, CA-4/3+Los Angeles, CA—4/4- 
Woodland Hills, CA—4/5+ Phoenix, AZ — 4/9 Denver, CO-4/10- 
Richardson, TX —4/11+ Arlington Heights, IL — 4/12 Andover, MA-4/16- 
Ft. Washington, PA-4/17- Smithtown, NY- 4/18+ Saddlebrook, NJ-4/19- 
Bloomington, MN - 4/23- Rochester, NY - 4/24+ Toronto, CAN —4/25> 
Montreal, CAN - 4/26 


May Newton, MA-5/1-Bellevue, WA-_5/2+ Beaverton, OR-5/3° | 


ANALOG | 
DEVICES | 


a aa oe 


Multiple sites in Europe and the 
Far East. 


THE HIGH SPEED DESIGN SEMINAR FROM ANALOG DEVICES. 
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Commitment to Technology 
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° ege The electronics industry’s 
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The electronics industry’s 
leading design publication 
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Running out of board space? Here is high-performance 

SRAM, organized for 32-bit systems, wif density 

that delivers up to 80% savings in real estate. 

Call today for a FREE mechanical sample. 
32-bit SRAM. ia =| 

Here are five very fast ways 


to simplify the implementa- 
tion of 32-bit SRAM for high 


LARA ASAA, SEUEey 
i be ae as bak see bakes Batts 


L.CYM1822HV-16K x32 SRAM w/Sep. /O, 
15 ns. 88-Pin VDIP. 0.9” Sq. req. 


ae a0 performance applications like (gee . | 
ore ae RISC and DSP. er 4 
C C These ultra-fast, low- 2. CYM1821PZ-16K x 32 SRAM W/OE, 


= = _ power 32-bit CMOS modules Lon OF pin Ee ee 
s give you the word-width and 
density you need, but witha 


CREPE AG EU EG AD i i k ate $ Meso Ks " i 
; ‘ § i . 
: his ; 7 ee ae ae : Maite ; : : ae se ; Boe 7 ' 
} i Piticien y 2 + of 4 
Veet vee EER Ot cess : ne ” b Senne 
: iM ey ; Pr on 
e ‘ i Ps 
Be EG ae wl I 
¥ . } 


=== yeducedareaand pin count. 3 CYM1832P7-64K x32 SRAM, 
| ee § That translates to routing 25ns. 60-pin ZIP. 1.0" Sq. req. 
Becsccegees efficiency and Mee: : : 
| we 32-bit performance ~ lens 3 : 
: “oa ee : efficiency. | stl 
: ——— ae SR AM. Interconnect : arma oe “3 


capacitance 1s 
reduced. Crosstalk is reduced. 

Most important, board 
space requirements are 
reduced, dramatically. ‘3 cule pe nest heh a ee 

With edgemount versions 
under 1/2" in height (easily ‘ 
meeting VME slot require- Pick our FREE 
ments) the space savingscan ‘mec anical sample 
really add up. then call: 

So if you are feeling 1-800-952-6300." / _ 
cramped for board space, Ask for dept.C43 a 
please call our hotline for We'llsendyour 
immediate relief. part, and our 


new Multichip y 
databook. & 


*1-(800)-387-7599 in Canada. (32)2-672-2220 in Europe. 
©1989 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134. 
Phone: (408) 943-2600, Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 


ge Biel's 
ROM. | oe | a 


pert : 


costs 5 $4995 


“The final design has the 


Call it a problem that could have lead to 
considerable expense. The customer thought hed 


have to add several steps to his assembly process. 


Instead he called Dialight. 

As the leader with over half a century of 
experience in every type of indicator light, for 
Dialight solving problems is standard operating 
procedure. Applying our engineering expertise In 
optoelectronics and utilizing state of the art 
CAD equipment, we rapidly proceeded to custom 
design the ideal solution — a totally integrated, 
remote LED indicator. Not only did it fit the unit» 
perfectly but it also saved the expense and effort 
of cumbersome wiring, soldering, and testing. 
Plus it added the reliability of a push-on connector 
for easy assembly. All while being low cost. And, 
thanks to our extensive in-house tool fabrication 
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circuit boardinthe back, =~ 
put the LEDs must be 
in the front. 


Now what?!" 
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and molding facilities, we delivered it virtually 
overnight. 

Saving costs while solving problems is 
something we've long done with our panel mount 
and circuit board LEDs. Over the years customers 
have asked us to pair, gang, piggyback, right angle 
mount, recess, bicolor tricolor, slant, standoff, 
snap-mount, bin, do whatever you can imagine to 
them and we haven't been stumped yet! 

So, the next time you think there's a remote 
chance of finding the right solution to an indicator 
design issue, remember that no one has more 
solutions than Dialight. 


A Cambridge Electronic Industries CO, ——_$—$—$—_—_— nnn 


1913 Atlantic Avenue, Manasquan, Nu 08736 201-223-9400 
25 


de to 3GHZ ...$115 


lowpass, highpass, 
bandpass, narrowband IF 


less than 1dB insertion loss e greater than 40dB stopband rejection 


5-section, 30dB/octave rolloff e VSWR less than 1.7 (typ) e meets MIL-STD-202 tests 


rugged hermetically-sealed pin models e BNC, Type N; SMA available 
surface-mount e over 100 off-the-shelf models e immediate delivery 


attenuation, dB 


(QP) 11 


low pass de to 1200MHz 


WOD-=HDOONNWANDOMNN'|T 


PASSBAND, MHz] _ fco, MHz STOP BAND, MHz VSWR PRICE 
(loss <1dB) (loss 3db) (loss>20dB) (loss>40dB) pass- stop- $ 
MODEL band band y 
NO. Min. Nom. Max Max. Min. typ. typ. (1-9) 

PLP-10.7 DC-11 14 19 24 200 1.7 18 11.45 
PLP-21.4 DC-22 24.5 32 41 200 ef 18 11.45 
PLP-30 DC-32 30 47 61 200 LF 18 11.45 
PLP-50 DC-48 55 70 90 200 af 18 11.45 
PLP-70 DC-60 67 90 7 300 Ty, 18 11.45 
LOW PASS PLP-100 DC-98 108 146 189 400 (oy eet ae 
PLP-150 DC-140 155 210 300 600 17 18 11.45 
PLP-200 DC-190 210 290 390 800 7 18 11.45 
= PLP-250 DC-225 250 320 400 1200 17 18 11.45 
= PLP-300 DC-270 297 410 550 1200 5 ats 18 11.45 
- PLP-450 DC-400 440 580 750 1800 17 18 11.45 
9 PLP-550 DC-520 570 750 920 2000 1.7 18 11.45 
5 PLP-600 DC-580 640 840 1120 2000 e 18 11.45 
= PLP-750 DC-700 770 1000 1300 2000 iat 18 11.45 
PLP-800 DC-720 800 1080 1400 2000 47 18 11.45 
PLP-850 DC-780 850 1100 1400 2000 17 18 11.45 
PLP-1000 DC-900 990 1340 1750 2000 as 18 11.45 
frequency PLP-1200 DC-1000 1200 1620 2100 2500 TZ 18 11.45 

high pass de to 2500MHz 
PASSBAND, MHz] fco, MHz STOP BAND, MHz PRICE 

(loss <1dB) (loss 3db) (loss>20dB) (loss>40dB) $ 
HIGH PASS 


frequency PHP-1000 720 550 
bandpass 20 to 7OMHz 
STOP BAND, MHz PRICE 
BANDPASS (loss >10dB) (loss > 20 dB) $ 
Min. Max. Max. 


frequency 


NARROWBAND IF 


FREQUENCY 


I.L. 1.5dB max. 


F1-F2 


-11. 
-23. 
-33. 
-67. 
-77. 


F3 F4 
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[J Mini-Circuits 


P.O. BOX 350166, Brooklyn, New York 11235-0003 (718) 934-4500 FAX (718) 332-4661 TELEX 6852844 or 620156 WE ACCEPT AMERICAN EXPRESS 
F132-2 REV. ORIG. 


At the 4front of 4 


Introducing Oki’s 4-Meg DRAMs and Mo dules 


HETEETT 
TEETH 


ml 


conductor 


End-user demand for more memory-intensive, high- 
performance systems continues to complicate your 
design tasks. You're pressured to increase memory 
capacity, yet decrease board space. Increase reliability, a 
yet cut costs. And beat the competition to market by 


reducing design time. 


Oki’s advanced 4-Meg DRAM 
technology can ease the pressure. 
Our space-saving 4-Megx9 single 

inline memory module, 4-Megx1 and 
1-Megx4 DRAMSs offer the problem- 
solving advantages you need to simplify 


high-density design tasks. Like quad- 
rupling memory with our 4-Megx9. 
Manufactured to JEDEC standard 
dimensions and pin-outs like our 
1-Megx9, Oki’s 4-Megx9 easily 
replaces the 1-Meg—saving valuable 
redesign time, increasing reliability, 
and cutting costs. 


And when it comes to superior 
performance and wide-ranging capabilities, no other 
4-Meg supplier can match Oki’s offering: The lowest 
operating and standby currents. 1,024 cycles/16ms 
refresh. Multi-bit test mode capability. Proven stacked 
capacitor technology. A variety of packaging options. 
And both custom IC and board-level solutions for 
unique high-density design requirements. 


Call Oki today and let us take you to the 4front, 
speeding your product to market with our 
high-performance 4-Meg technology. 


So. Calif. Boca Raton, FL Boston, MA Philadelphia, PA 
(Irvine) 407/394-6099 (Stoneham) (Horsham) 
714/752-1843 Atlanta, GA 617/279-0293 215/674-9511 
(Sherman Oaks) (Norcross) Detroit, MI Dallas, TX 
818/990-3394 404/448-7111 (Livonia) (Richardson) 
No. Calif, Chicago, IL 313/464-7200 214/690-6868 
(San Jose) (Rolling Meadows) New York, NY 

408/244-9666 312/870-1400 (Poughkeepsie) 


914/473-8044 
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In 1979, Evelyn Ashford In 1980, the first-ever In 1981, the Columbia In 1982, Lady Diana, In 1983, the first sym 
breaks 11 sec. in the 100-m Chinese Olympic team makes the first space Princess of Wales, written by Mozart (at 
dash for the Ist.ti attends the Winter Games... shuttle flight... , has her first child... nine) is discovered... 


and EDN takes Ist place = and EDN wins Ist place and EDN soars—finishing and EDN reignsasistin and EDN is discovere 
in readership. in readership. Ist in readership. readership. be Ist in readership. 


Winning one study doesn't dialling 7 new EDN saidiioutte 
make a first. But winning 84% of 177 inde- 


pendent readership studies since 1978 puts 7 | sat ee eee 
: : : Zenith Electronics #1 5 
EDN first in readership. That's more wins Sprague Semiconductor #4 5 
than the rest of the electronics publications So momson Semiconcteter an 2 
combined. : Apex Technology #1 5 
Sipex Corporation #1 4 

CUMULATIVE WINS — Kyocera Northwest, Inc. #1 NOT INCL. 


% of Readership/Reader Preference Wins* 1978-1989 (to date) 


Cleewronic Design <4. 13% . ‘ 
Electronic Product 33, 4% 177 studies/256 question: 
Electronic Engineering Times . . 2% ; 

PISCHOMise ai ee oe 8% 

PICCHOMIC INGWS. Sve oe Sy 8% 


“Independent studies are conducted across customer/prospects lists or TIDS lists, not across a magazine's or newspaper's own list, which results in obvious bias. **Results based on the ques 


——oooooreeeeeeeeeeee — ——————e - ——— — —E —— — — = lz 


4, Kathryn Sullivan In 1985, Reagan and In 1986, the first non-stop In 1987, the Rotary Club _ In 1988, Wrigley Field in 
first woman to walk Gorbachev hold their flight around the world with- admits women for the Chicago ee up for the 
es. first summit.. out se is successful... first time.. first time.. 


‘DN walks away and EDN holds its Ist and EDN flies highest as and EDN is elected Istin and EDN shines as Ist in 
alstinreadership. place in readership. ist in readership. readership. readership. 


Ine Electronics Publication Knows What Its Like 
eadership In Readership Reign Continues. 


adership/reader preference study wins? And only a publication in first 
Flectronic. | Electronic EE Elechonis place dares to offer $1000 to anyone who can 
soe ee is | ee _ disprove its claim to readership. No other elec- 
2 4 3 -—\orwe. | tronic engineering magazine or newspaper in 
. = : NoriNcL. | the world has won more independent reader- 
2 4 3 6 , 7 
5 3 A r NOTING. or preference studies than EDN. 
2 NOT INCL. 3 | NOT INCL. | 7 
3 2 4 7 5 | edifon pane 


Nae News 
' Edition 


: Partnership In 
Power & Prestige 
_  ~+=Wordwide 


ich of these publications do you read regularly (3 out of 4 issues)?” in each study. 


ee) 84% 


If you would like to see the complete record of EDN's readership 
wins, contact your local sales representative. EDN will send you 
a six-foot long brochure that proves first is the only place to be. 
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SIGNALS & NOISE 


Another view of 
Australian adage 


In regard to Jon Titus’s editorial 
entitled “She'll be right, mate” 
(EDN, October 12, 1989, pg 49), the 
version of the Australian saying 
that ’m familiar with is “She’ll be 
right, mate, just give her a go.” Far 
from the easy-going “Don’t worry” 
attitude Jon equates it with, it has 
always seemed to represent the in- 
spired improvisational point of view 
that stands out as one of the better 
traits human beings have. It’s a 
compression of stoic acceptance of 
reality with the attitude that one 
will make the effort, nevertheless, 
using what’s at hand. 

Although I’m no student of Aus- 
tralian society myself, Jon seems to 
have twisted his experience [with] 
it to fit the point of the editorial. 
[Looking at Australia,] we have a 
society begun with a population 
that another society, “Mother Eng- 
land,” considered undesirable and 
stranded for all practical purposes 
in a number of isolated settlements. 
These settlements in essence were 
“desert islands.” Administrative co- 
ordination of Australia was done via 
London, so it’s quite apparent that 
anything that really had to get done 
was done ad hoc. No more food? 
Well, you sure can’t send out for 
pizza. The hamstrung bureaucracy 
was justifiably regarded with suspi- 
cion, and things did not improve 
that much by 1941 [the time of 
World War II]: Most of the Austra- 
lian army was off helping defend the 
Empire, as it was in World War I. 

The motion pictures Gallipoli and 
Breaker Morant both portray some 
aspects of this Australian attitude. 
With the increasing diversity of TV 
cable programming, the cable chan- 
nels are also adding excellent TV 
documentaries from Australia. One, 
on “Banjo” Patterson, adds great 
dimension to the author of “Waltz- 
ing Matilda,” itself a musical pres- 
entation of the “She’ll be right” and 
the Australian attitude toward 
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authority. Another, “The Last Bas- 
tion,” lets you experience World 


War II from the Australian point 


of view—that is, 10,000 miles from 
anybody, the Japanese on the door- 
step, and “Oh yes, you don’t mind 
if we borrow your army a bit 
longer, do you?” 

Jon’s editorial also sounded a bit 
one-sided, regarding “surly clerks.” 
Do we ever mistreat representa- 
tives of an offshore supplier—yell 
and scream at them, call them 
names, accuse them of cheating us? 
Probably not. The technical market 
is a fairly polite one. Now, go into 
a low-priced discount merchandiser 
where four clerks service 10 clerks’ 
worth of customers. (Of course we 
go there for our blenders, why pay 
380% more at a nice comfortable 
store with plenty of expensive la- 
bor?) In retail sales, these people 
are treated like cattle. They look 
at their humble prospects. They’re 
liable to lose the pitiful benefits 
they’ve built up over three to five 
years when yet another conglomer- 
ate takes the company over. They 
look at what their salary will buy 
in the Northeast winter with two 
kids, day care, high rent, and an 
aging car. I bet they’re mad as hell, 
but they’re going to take it; what 
else can they do? But don’t expect 
them to be terribly cheerful. 

Name witheld by request 


The implications of 
calling-number ID 


As I read Steve Leibson’s editorial, 
“Don’t call me: I’ll call you” (EDN, 
January 4, 1990, pg 43), I found my- 
self in agreement until I reached 
the final paragraph. Technology is 
a double-edged sword, and calling- 
number ID [the phone company fur- 
nishing you with a caller’s phone 
number before you answer the 
phone] is a perfect illustration of 


this fact. 


Here is my reply to Steve: In 
your editorial you say, “Today, pos- 


session of your phone number is a 
license to invade your privacy.” 
Since yours is not going to be the 
only phone using this feature, think 
of the number of databases that 
your phone number is going to go 
into when you call anyone for any 
commercial purpose. Remember 
the junk mail you got as a result 
of giving your address when you or- 
dered something by mail? Think of 
the junk calls you'll get from itiner- 
ant Persian rug salesmen when you 
call a rug-cleaning establishment 
for an estimate. 

~The worst of it is reserved for 
those who have an unlisted phone 
number. After 50 or more calls, the 
only place it will be unlisted is in 
the phone book! 

And as for its usefulness, how 
many phone numbers will you pro- 
gram into your call screening—your 
brother, associates at work, etc? 
What about the high-school class- 
mate passing through town, the 
emergency call from the hospital or 
the Red Cross? You’ll answer the 
phone anyway, won’t you? But you 
say that you’ll complain to the com- 
pany, now that you have their num- 
ber? I’m sure that your complaint 
will tweak the conscience of a com- 
pany that deliberately calls you dur- 
ing dinner hour. So then you'll pro- 
gram to screen that number? Not 
good enough, because the real 
boiler-room operations will change 
phone numbers like you and I 
change socks. 

The main thrust of your editorial 
seems to be against random solicita- 
tion. Calling-number ID and all 
screening cannot solve the problem 
without throwing out the baby with 
the bath water. It can (and will) 
create a host of new privacy viola- 
tions. 

You can’t wait? I can! 

Bud Couch 
Portland, OR 
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When you need more than the basic SCC, we give you 
whole families of alternatives. Done right! 


; | : At Zilog, we develop products the way 
bet you develop systems. Starting with our 
| industry standard SCC, for example, we’ve 
developed families of serial communica- 
tions controllers that give you the system 
performance your applications call for. 
Smaller, more integrated systems are fast 
becoming true “systems on silicon.’ And 
Zilog’s Superintegration™ technology 
helps make denser, faster, simpler systems 
a smooth, natural evolution. With 
products that are fully upwardly com- 
patible, we solve your systems prob- 
lems on silicon. As new applications 
dictate new requirements, you can be 
sure Zilog will provide the new 
versions and the new generations 
you'll need. When you need them. 
Off the shelf. At a cost that makes 
sense. Isn’t that really the way 
things should be? Contact your local 
Zilog sales office or your authorized 
distributor today. Zilog, Inc., 210 
Hacienda Ave., Campbell, CA 
95008, (408) 370-8000. 
** Call factory for exciting information. 


Right product. Right price. Right away. ON Zilgt> 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 448-9370, IL (312) 517-8080, NH (603) 888-8590, MN (612) 831-7611, 
NJ (201) 382-5700, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, WA (206) 523-3591, CANADA Toronto (416) 673-0634, UNITED KINGDOM Maidenhead (44) (628) 39200, W. GERMANY 
Munich (49) (89) 672045, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979, KOREA (82) (2) 552-5401, TAIWAN (886)s(2) 741-3125, SINGAPORE 65-235 7155, 
DISTRIBUTORS: U.S. Anthem Electronics, Hall-Mark Electronics, JAN Devices, Inc., Schweber Electronics, Vargas Electronics, Western Microtechnology, CANADA Future Electronics, SEMAD, LATIN 
AMERICA Argentina—Yel.-(1) 46-2211, Brazil—Digibyte (011) 581-1945, Semiconductores Profesionales (5) 536-1312. 
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Marit 
Youre The 


Greatest. 


lf you asked Marilyn Monroe’ fan club who they thought was the greatest 
screen actress, guess what they would answer. Fans express ey above 
objectivity. 

The same is true in publication readership studies. When a ee sends 
readership questionnaires to its own readers and asks, “Which publication do 
you read regularly ?”—guess what they'll answer! While these studies are not 
wrong or misconducted, they result in an obvious bias. 

If you're interested in a publication's readership, the best readership studies 
are conducted across a company’s customer/prospect list or an independent 
industry list. 

The next time you see a publication tooting its horn over a readership win at 
a company like IBM, AT&T, or Sun Microsystems—don't be too impressed. 
With those big-name headlines comes some small print. Take a second to 
notice where the questionnaires were sent. If its a publication's own subscriber 
list then you'll know the study results are nothing more than fan mail. 


A Partnership in Power & : Prestige 
Worldwide 


= EDN has won 84% of all 
independent readership/ 
reader preference stud- 
ies conducted since 
1978. No other electronic 
engineering magazine or 
newspaper in the US or 
throughout the world has 
won more independent 
readership/reader prefer- 
ence studies than EDN. 
And, EDN is willing to 
pay $1000 to anyone who 
can disprove its claim to 
leadership in readership. 
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How could you 
ever put 
all this power 


NEW! 
More Powerful Intel MCS*-51 Microcontroller 
Designed for advanced applications requiring 
larger programs and more precise control. 


32K bytes Programmable 
EPROM Counter Array 
(PCA) Timing 
phi carious For more precise and 
The first ever Intel MCS-51 ; ; 
; ety flexible time measurement, 
microcontroller with a full es : 
32K bytes on chip with minimal software o1 
; CPU overhead. 
Other Advanced “Fx” Family Features 
A more reliable and versatile serial channel. Compatibility 
Three 16-bit timer/counters (including up/down Pin-for-pin and software compatible with other 
capability). Two-level program lock to guard against Intel MCS-51 family members, for easy upgrades and 
software piracy. Idle and power down modes. development of new applications. 


into your 8-bit 
embedded 
application? 
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KASY. 


With Intel’s new ICE-51/PC Emulator. 


Symbolic 
Source-Level 
Debugging 
Easier to use. Optimized 
to work with all Intel- 
supported languages. 


Extensive 
Event Recognition 
Capabilities 
AND/OR combination 
of events. Qualification by 
number of occurrences. 
Conditional on 
another event. 


EDN March 29, 1990 


Full Intel MCS*-51 Family Support 
Including the all-new 87C51FC, and support for surface-mount packages. 


Large Mappable Memory Trace Buffer 
4096-byte trace buffer, accessible 
during emulation. Zero-wait-state emulator 
memory mappable to 64K bytes code, 
64K bytes xdata. 


Command Line Interface 
For the experienced user, provides efficient access 


to all emulator functions. 


It’s also easy to get detailed information about 
the new 87C51FC microcontroller and ICE-51/PC emulator. 
Just call us today: 800-874-6835. 


© 1990 Intel Corporation. MCS and ICE are trademarks of Intel Corp. 


® 
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Windowed 
User Interface 


you see source code, 


register contents, variables 


(in real-time), memory, 


trace and commands — 


all at the same time. 


Performance 
Analysis 
Emulation and event 
timers facilitate 
performance analysis. 


vows Speeds debugging by letting 
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Test for PQFP Devices 


@ This is the only way to test your PQFP devices while 
they're soldered to a PC board! 

@ PQFP Clips™ piggyback onto a soldered-in PQFP 
and convert the leads into standard .1” test points. 

e Can also be used to convert a PQFP to any other IC “omy, J 
package type for easy emulation. Singapore 

@ Quick turnaround on custom engineering services, 
if needed. For a free catalog, contact: 


Emulation Technology, Inc. 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 


Call your Emulation 


Australia 


gs 
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A Belgium 
BPO Ae eG 32-15-212223 


Canada 
613-725-2177 
Denmark 


Finland 
358-0-334133 


H 


Italy 
39-2-353-8041 


Netherlands 


65-2817244 


Spain 
34-1-455-8112 
S 


Switzerland 
41-1-723-1241 


Ta 
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Crystal Clear 
LCD Modules 


Hantronix, Inc. has for immediate delivery, a large 
variety of high-resolution LCD modules. Our wide 
selection of formats include: 


1x8 EX 16: 24 x20: EX OA ot X32. 14:40. 1.x 80 
2X%16-°2%.20° 2x 245-2 x 325-2 x 40 
4x16 4x20 4x 40 


Also available are: 
* Super Twist Models + Positive or Negative Types 
* E/Lor LED Backlight + Wide Viewing Angles 
* Extended Operating + Various Character Heights 
Temperatures - Custom Models 
(20°C.=-70°C) - Graphic Modules 


For more information on our high-quality and moderately 
priced LCD modules, call or write: 


HANTRONIX, INC. 
250 Santa Ana Court 
Sunnyvale, CA 94086 


Tel: (408) 736-3191*Telex: 880165*Fax: (408) 749-0477 
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Technology Distributor: 


61-3-720-3977 


45-44-532-244 


England 
44-234-266455 


France 
33-1-69412801 
Germany 
49-89-4602071 
ong Kong 
852-3-7173186 
India 
91-11-6418470 
Israel 
972-3-561-6925 


Japan 
81-3-988-7534 


Korea 
82-2-558-1144-9 


31-10-450-1444 


weden 
46-8-744-0300 


iwan 
886-2-721-9533-4 


CALENDAR 


Devices and Processes for VLSI— 
Executive Overview (short course), 
Davos, Switzerland. Tina Persson, 
CEI-Europe/Elsevier, Box 910, S- 
612 O01 Finspong, Sweden. 
+ 46(0)122-17570. FAX +46(0)122- 
14347. April 2 to 3. 


Commercially Available RISC 
Processors and Workstations—Ar- 
chitectures and Applications, 
Cambridge, MA. DSP Associates, 
18 Peregrine Rd, Newton, MA 
02159. (617) 964-8817. FAX (617) 
969-6689. April 2 to 4. 


Encapsulation of Electronic De- 
vices and Components (short 
course), San Francisco, CA. The 
Center for Professional Advance- 
ment, Box 964, East Brunswick, NJ 
08816. (201) 613-4500. FAX (201) 
238-9113. April 2 to 4. 


Hybrid Microcircuit Technology 
(short course), Bethlehem, PA. Na- 
tional Training Center For Micro- 
electronics, Northampton Commu- 
nity College, 3835 Green Pond Rd, 
Bethlehem, PA 18015. (215) 861- 
0450. FAX (215) 861-5060. April 2 
to 6. 


Product Design to Pass EMC 
Regulations (short course), Los 
Angeles, CA. Interference Control 
Technologies, Box D, Gainesville, 
VA 22065. (703) 347-0030. April 3. 


VHDL Users’ Group 1990 Spring 
Meeting, Boston, MA. VHDL Us- 
ers’ Group, Conference Manage- 
ment Services, 127 Beaumont Ave, 
San Francisco, CA 94118. (415) 329- 
0510. April 4 to 6. 


UNIX C++ Conference, San 
Francisco, CA. USENIX Confer- 
ence Office, 22672 Lambert St, 
Suite 613, El Toro, CA 92630. (714) 
588-8649. April 9 to 11. 


C Programming Workshop (short 
course), Seattle, WA. Specialized 
Systems Consultants Inc, Box 
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Performance's 33/25 MHz PACEMIPS 
_RISC Smashes CISC Price/mip 
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MIPS sustained 
throughput at 33MHz 
Clock rate available 
NOW. 

NEW! Single Chip Read/Write Buffer 

HM Replace four R3020 Write Buffers and up 

to 24 other ICs. 

M Four-word deep Write Buffer with byte 

gathering and readback feature. 

MM Read Buffer programmable to 32 words 


deep, per block refill. 

M@ Internal Parity Generation on Read. 

HM Bus Snooper for use in maintaining cache 
coherency in MP systems. 

I Static column DRAM support. 

Order your data sheet TODAY ! 


PACE Technology is a trademark of Performance Semiconductor Corporation. 
PACEMIPS is a joint trademark of Performance Semiconductor Corporation 
and MIPS Computer Systems, Inc. 
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3.3 Volt Technology in Early 1990 

In early 1990 you will be able to build your 
system with the PACEMIPS R3000 family in 
our 3.3 volt technology at 33MHz with less 
than 1/2 the power dissipation of a 5.0 volt 
system! Naturally, the SCRAM and the sup- 
porting logic will be available to complete your 
power saving design. 

To cover military temperature ranges, 
we are also producing the R3000 family to 
operate at 16, 20, and 25MHz. 

Our PACEMIPS processors and 
supporting SCRAMs and Logic are manu- 
factured in Performance's six-inch wafer 
fabrication facility using PACE II 0.7 micron 


IS} | 92 


gate length technology which has set the 
standard for high performance CMOS 
products. 

Remember, Performance is "FAST, 
COOL, AND AFFORDABLE." 

To receive Performance's data book or 
further information or to order the best buy in 
Price/MIP, call or write: 


Performance Semiconductor Corporaton 
610 E. Weddell Drive 

Sunnyvale, California 94089 

Telephone: (408) 734-9000 


CIRCLE NO. 31 


PERFORMANCE 


SEMICONDUCTOR CORPORATION 


48 


CIRCLE NO. 31 


DID YOU KNOW? 


Half of all EDN’s 


articles are staff-written. 


EIDIN 


CALENDAR 


00049, Seattle, WA 98155. (206) 
027-3385. FAX (206) 527-2806. 
April 9 to 18. 


IEEE VLSI Test Workshop, At- 
lantic City, NJ. Wesley Radcliffe, 
IEEE Computer Society, IBM E 
Fishkill, Dept 277, Bldg 321-5E1, 
Hopewell Junction, NY 12533. (914) 
894-4346. FAX (914) 892-6790. 
April 10 to 11. 


Surface Mount (SMT)/Fine Pitch 
(FPT) Design and Manufacturing 
Techniques (short course), Sunny- 
vale, CA. PPM Associates, Box 
700039, San Jose, CA 95170. (408) 
996-9765. April 10 to 11. 


1990 Technical Symposium on Op- 
tical Engineering and Photonics 
in Aerospace _ Sensing/Exhibit, 
Orlando, FL. SPIE, The Interna- 
tional Society for Optical Engineer- 
ing, Box 10, Bellingham, WA 
98227. (206) 676-3290. FAX (206) 
647-1445. April 16 to 20. 


DOD-STD 2167A/2168, San Diego, 
CA. David Maibor Associates Ine, 
Box 846, Needham Heights, MA 
02194. (617) 449-6554. April 17 
to 19. 


Electronics Packaging Technol- 
ogy (short course), East Bruns- 
wick, NJ. The Center for Profes- 
sional Advancement, Box H, East 
Brunswick, NJ 08816. (201) 613- 
4500. FAX (201) 238-9118. April 23 
to 25. 


Integrated Circuit Manufacturing 
Technology (short course), San 
Francisco, CA. The Center for Pro- 
fessional Advancement, Box H, 
East Brunswick, NJ 08816. (201) 
613-4500. FAX (201) 288-9113. 
April 30 to May 2. 


Structured Development Forum 
XI, San Diego, CA. Computer Sci- 
ences Corp, 1821 Mercedes Dr, 
Hanover, MD 21076. (301) 859- 
0400. April 30 to May 38. 
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RCV420 is the world’s first 
complete current loop 
receiver on a chip. It gives 


designers of data 

acquisition and 

industrial/process control 

systems a complete, low 

cost solution for converting 

4-20mA two-wire loop : 

signals back to 0-5V Solution 

ns We also supply the mono- 
lithic 4-20mA transmitters 
you need to put the signals 


on your loop. Try our XTR101 

for two wire systems, XTR110 

for three-wire. Both provide 

- accurate, reliable solu- 
tions while saving 

you money and valu- 

* able design and 

development time. 


If you’re working with 
4-20mA loops, the new 

RCV420 and our popular 
XTR101s and 110s can 

probably help you. 


In-house discrete designs 
can‘t match the low cost, 
monolithic reliability, and 
easy-to-use performance of 


® 0.1% total conversion 


the new RCV420. accuracy (trimmable 
Completely self-contained, to 0%) Contact ¥ 
Ce your Burr-Brown 
it includes current- © 860B min CMR @ 4.5V max loop voltage sales rep for samples and 
sampling resistors, a 2 ae C typ zero drop complete details. 
premium grade op amp, a tl -_ @ compact 416-pin plastic 
level-shifting network,and = ¢ +40Vcommonmode = =—=§ =o ceramic DIPs c Burr-Brown Corp., 
an extemally-available input range - @ from $4.60* (KP) P.O. Box 11400 
precision 10.00V reference. © +444Vto+18V supply Tucson, AZ 85734. 

mnge | TUS. prices, in 100s FAX (602) 741-4395 

BURR-BROWN® 
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LIRA-REL MIXERS 


ULTRA-REL Diode TEST PROGRAM* 


TYPE OF TEST CONDITIONS MIL-STD- or H-P 

LIFE 1,000 hrs, T, +125°C 50mA ac 750, Method 1026 

THERMAL SHOCK _ -65°C to +125°C, 200 cycles 883, Method 1011 
5 min. dwell 

MECHANICAL 1.5Kg’s, 0.5usec pulse 883, Method 2002 

SHOCK 

VIBRATION variable frequency 750, Method 2056 
20 to 2,000 Hz 

TEMPERATURE -65°C to +125°C 883, Method 1010 

CYCLE. 200 cycles, 10 min. dwell 

AUTOCLAVE 14.7psi, T, +121°C, 96 hr. H-P GSS, 09-109 

(pressure pot) 

85/85 85°C @ 85% humidity 168 hr, no bias H-P GSS, 09-107B 


ACCELERATED 300°C, 325°C, 350°C storage 883, Method 1008 
HI-TEMPERATURE _ until 50% failures 
STORAGE 
*Stringent Mini-Circuit/Hewlett-Packard Qualification Tests 
finding new ways... ba | ee 
setting higher standards N 


LT} 


L~+/Mini-Circuits « @& 


A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


WE ACCEPT AMERICAN EXPRESS 
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There are no mixers more reliable than Mini-Circuits’ 
new Ultra-Rel™ mixers. Go ahead, expose Mini-Circuits’ 
Ultra-Rel™ mixers to scorching heat, subzero freezing, 
soggy humidity, and severe mechanical shock and vibra- 
tions. They will survive and perform perfectly. 

The secret to this reliability breakthrough is an Ultra- 
Rel diode capable of withstanding considerably more 
torture than specified by MIL-STD-883. These diodes 
achieve an order of magnitude improvement over Cur- 
rently-available Schottky diodes due to an improved 
monolithic processing technique, resulting from an inten- 
sive two-year, one million dollar joint development 
program by Mini-Circuits and Hewlett-Packard. 

Take a look at the eight harsh tests these Ultra-Rel 
diodes are qualified to pass. To put it bluntly, these new 
Ultra-Rel diodes can meet and exceed MIL-STD-883 
tests with ease. For example, MIL-STD-883 temperature 
stresses diodes for 25 cycles from -65°C to +125°C; 
Ultra-Rel diodes (unpackaged) have no trouble with 200 
cycles from -65°C to +175°C. No problems with the 
other tests either. 


YEAR GUARANTEE. 


These diodes when exposed to a brutal accelerated 
high-temperature test of 250°C for 981 hours, didn't fail; 
even at 300°C for 168 hours, none failed. Could diodes 
other than Ultra-Rels survive such stresses? Hardly. And, 
for extra measure, Ultra-Rel devices can withstand up to 
ten times the mechanical pull test requirements of MIL- 
STD-883. 

And since mixer reliability is primarily determined by 
the reliability of the diodes in the assembly, the more reli- 
able the diodes, the more reliable the mixer. So now all of 
our Standard Level (+7dBm LO) mixers” are built with 
Ultra-Rel diodes...and are guaranteed for five years. 

Most likely your application does not require such 
demanding levels of endurance. But high product relia- 
bility and quality are demanded. in today’s marketplace. 
Consider how enhanced reliability of your products 
will strongly influence your reputation and customers’ 
Satisfaction. 

Don’t settle for “imitations” or “equivalents”...insist on 
Ultra-Rel™ mixers, available only from Mini-Circuits. 
* except as noted in catalog 


Mini-Circuits P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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Celebrating T 


Introducing the FlatPAC™... Vicor’s 
Family of User Definable, Multiple 
Output, Switching Power Supplies 


Until now, your power system decision meant 
choosing between costly and unpredictable custom 
development, or bulky and inflexible catalog sup- 
plies...or you had to design and manufacture it 
yourself. Taking the next step in the power- 
component revolution, Vicor introduces FlatPAC, the 
user-definable, “off-the-shelf” alternative to customs 
that’s economical from single units to OEM quanti- 
ties...and which fits in a fraction of the space 
required by conventional off-line supplies! 


The Off-The-Shelf Alternative 


FlatPAC’s unique modular design allows Vicor to 
provide next day delivery on over 10,000 different 
FlatPAC configurations. You define 
your power requirements... 
Vicor does the rest — 
while eliminating the non- 
recurring costs, unpredict- “= 
able lead times, risk, inflexibil- 
ity, and reliability uncer- 


e New Profile 


tainties associated with conventional solutions. 

No other power product offers FlatPAC’s combina- 
tion of power density, economy, and “off-the-shelf” 
flexibility! 


Power Cells 


Sharing a distinctive, space saving flat package 


| profile (1.37” high x 8.6” long), FlatPACs come in 


widths of 2.5”, 4.9”, and 7.4”, and supply up to 200, 
400, and 600 Watts of total output power...an un- 
precedented 7 Watts per cubic inch in an off-line 
switching power supply! 


The three different packages provide one, two, or 
three user definable ‘Power Cells’. Each Power Cell 
may be specified to be an independent, isolated out- 
put with a power rating of 50, 75, 100, 150, or 200 
Watts, or cells may be combined to form higher 
power outputs...up to 600 Watts from a single out- 
put. Standard output voltages are 5, 12, 15, 24, and 
48 Volts — and because all 

FlatPAC outputs are field 
gm = trimmable down to 

zero and up to 110% 

of nominal, a stand- 
ard output can likely 
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take care of even your most unusual voltage require- 
ments. For special requirements, outputs as low as 
2 Volts, and as high as 95 Volts can be provided. 


And you don’t give up features to get FlatPAC’s 
advantages: besides being trimmable, all FlatPAC 
outputs have remote sensing and overvoltage and 
overcurrent protection. Individual FlatPAC outputs 
are totally isolated: there are no cross regulation 
issues; any output can be positive or negative; and 
output returns can float up to 500V, rms, apart. 
FlatPAC’s run on either 110 or 220 Volt lines, 
meet “Class A” interference specs, have built in 
fusing, and conform to UL, CSA, and TUV safety 
agency requirements. Two and three cell units also 
provide two isolated, sequenced, logic outputs to 
indicate pending loss-of-line and pending loss-of- 
output for system housekeeping during power 
cycling or brownouts. 


The key to FlatPAC’s flexibility and power density 
is Vicor’s VI-200 family of high density, high effi- 
ciency, UL, CSA, and TUV recognized, component 
level DC-DC converters. When you specify a 
FlatPAC, you benefit from the field reliability and 
predictability that’s been established in an installed 
base approaching half a million units. 
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In Off-Line Switchers. 


Join The Celebration Now 


Call Vicor now to discuss your special 
needs... you'll be celebrating when you find how 
quickly Vicor can ship you the smallest, most effi- 
cient, most cost effective solution to your power 
system requirements...at prices as low as 85¢/Watt 
in OEM quantities. 


To Receive A Complete Catalog, Including 
Information On Vicor Products, Applications And 
Accessories, Call Vicor Today At (508) 470-2900, 
23 Frontage Road, Andover, MA 01810. 


Component Solutions For Your Power System 
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‘A SINGLE AD IN EDN NEWS EDITION 
GENERATED AN INQUIRY LEADING 
TO A $2 MILLION OPPORTUNITY!” 


John Poturny, President Fred Silver, Director of Marketing 
Poturny & Associates Rantec 
Northridge, CA Chatsworth, CA 


Advertising results. Agencies want them. Clients need them. 


“When I was on the client side, I demanded sales results from my 
advertising dollars,” says John Poturny, President of Poturny & 
Associates. ‘“Today I’m on the agency side, and I expect the same for 
my clients — advertising that generates sales.” 


Advertising results. A publication must provide them. 


“After running ads in EDN News Edition, our phones ring and proposal 
activity soars immediately for our military power supplies,’ says Fred 
Silver, Director of Marketing at Rantec, a division of Emerson Electric. 


Advertising results. For Poturny & Associates and Rantec, EDN News 
Edition gets them. 


“We traced prototype orders worth $2 million in sales to a lead 
generated by our ad in EDN News Edition,” said Silver. 


Both Silver and Poturny agree about the power of EDN News Edition, 
“it gets results.” 


John Poturny 


Fred Silver 


EDN News Edition works for marketing 
communication partners, Poturny & 
& Associates and Rantec. It can work for you. 


Where Advertising Works 


_.. with the ultra-extensive MICE 
(Micro In-Circuit Emulator) line 
from Microtek, supporting practi- 
cally all the popular 8,16, and 32 
bit microprocessors. A range of 
emulators so powerful and com- 
plete that none of your develop- 
ment needs are overlooked. 


When you need speed , MICE 
are fast! Swiftly debug high-speed 
targets without accumulating wait 
state and with no distortion 
whatsoever. 


Full software support is readily 
available for the MICE series, 
which can be used in conjunction 
with such popular hosts as the 
*IBM-PC, 48ee2 ct, ‘Sun 
Workstation, *VAX, *MicroVAX 
and *Apollo. 


Add all these factors to the 
streamlined design and affordabili- 
ty of the MICE and you get a 
valuable investment for all your 
microprocessor projects. 


C,PL/M,ASM 


ICROTEK 


Microtek International Inc. (TAIWAN) 
Tel: 886-35-772155 Fax: 886-35-772598 
Telex: 32169 MICROTEK 


Microtek Lab, Inc. (U.S.A.) 


Tel: 1-213-3212121 Fax: 1-213-5381193 
Telex: 797880 MICRO 


Microtek Europe GmbH (W. GERMANY) 
Tel: 49-211-526070 Fax: 49-211-596782 
Telex: 8584020 


* Registered Trademarks: PC/XT/AT, PS/2: International Business Machines; VAX, nV AX: Digital Equipment Corporation; Apollo: Apollo Computer Inc; Sun: Sun Microsystems, Inc; NEC: NEC Corporation. 


e AUSTRIA ALLMOS ELECTRONIC (222) 6271954 BELGIUM SIMAC ELECTRONICS B.V. (2) 2523680 
OY COMDAX AB (0) 670277. * FRANCE M.T.E. (1) 39618228 ° ITALY PRATICA SRL (11) 503427 


¢ SPAIN NOVATRONIC S.A. (4) 4520811 © SWEDEN TRACO AB (8) 930000 e SWITZERLAND TRACO ELECTRONIC AG (1) 2010711 


MACRO DYNAMICS (3) 7202399 * HONG KONG IDEALAND ELEC (3) 7443516 
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* DENMARK SC METRIC A/S (42) 804200 
« NETHERLANDS DIODE NETHERLAND (3403) 91234» NORWAY MORGENSTIERNE & CO AVS (2) 289490 
* W. GERMANY ALLMOS ELECTRONIC (89) 8570000 * AUSTRALIA 


e ENGLAND ARS MICROSYSTEMS (276) 685005 * FINLAND 


e ISRAEL ARITMOR (3) 5447475 =» JAPAN CORE DIGITAL CORP (3) 7955171 * KOREA DAE SANG INC. (2) 8692343 ¢ PAKISTAN 
EAST WEST SYSTEMS (21) 529827 « SINGAPORE EPE COMPUTRONICS 7468182 * THAILAND ANA-DIGIT COMPANY (2) 2217040 ¢ ARGENTINA MICROTEK INGENIERIA S.R.L. (1) 469518 © BRAZIL DIGIBYTE 
SISTEMAS DIGITAIS (11) 5814100 ¢ CHILE EQUIPOS INDUSTRIALES S.A.C.1. (2) 716882 
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GOODBYE TO 
WAIT STATES 


Now there’s an EPROM that can keep up with your proces- 

sor. And, cut your wait states from three or four to one or none. 
Atmel. The fastest E?s in the land. But, maybe blazing 

speed isn’t enough. Well: 

HOW ABOUT RELIABILITY? None better. Built-in 

error detection and correction as well as write protection. 

All processed to Military Standard 883. We give your system 

the competitive edge. 

HOW ABOUT POWER? None lower. Perfect for in- 

flight operations and battery back-up systems. 

HOW ABOUT EXTRA FEATURES? We've got them 


all. Fast write. Page mode. Extended endurance. Software 
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ATMEL CORPORATION 
2125 O’Nel Drive 
San Jose, CA 95131 
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eee & 
The people who make the difference. 


data protection. Chip erase. Package variety. These are just 
some of the details listed in our data pack. Just ask, and we’ll 
send you one. 

So, say goodbye to wait states. And, plug Atmel’s per- 
formance, quality and versatility into your system. 


Speed Power (mA) 
Device Part No. (ns) (active/standby) 
16K AT28HC16 45-120 80/0. 1 
64K AT28HC64 55-120 80/0.1 
256K AT28HC256 70-120 80/0.2 
Megabit AT28MCO010 120-350 100/0.3 


oa a ee 
A partial listing of Atmel’s E7PROMs. 


Tel. (408) 441-0311 
FAX (408) 436-4200 
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EDITORIAL 


Thanks, but no memories 


Jesse H Neal 

Editorial Achievement Awards 
1987, 1981 (2). 1978 (2), 

1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1988, 1983, 198] 
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Many people are mourning the death of the US Memories consortium, 
a group trying to establish a US source of DRAMs. They say that the 
failure of the US Memories venture is another symptom of myopia in 
US companies. It’s not. Left to their own devices, US companies are 
smarter than some people think. Instead of emulating the large Japa- 
nese companies and cartels, US companies will remain competitive 
by going the helter-skelter ways of start ups and spinoffs. 

The source of DRAM supplies is an emotional issue, so let’s tackle 
the argument that Japanese suppliers will establish a headlock on the 
DRAM market without competition from US Memories. That’s non- 
sense. Years ago, US companies had the lock on DRAM markets, and 
they let it dribble away to Japanese competitors. These same US 
companies could get back into the DRAM market now, but few have 
the will to do so. It’s unlikely than a consortium would add the needed 
backbone, even though IBM is now willing to license its DRAM tech- 
nology to US manufacturers. Samsung, a Korean manufacturer, is 
ready to challenge the Japanese DRAM manufacturers, and a few 
US manufacturers are still in the DRAM business. I’m confident that 
there will be plenty of DRAMs from enough manufacturers to guaran- 
tee supplies for all OEMs. 

Some people argue that manufacturers of the advanced DRAMs 
gain critical knowledge of advanced semiconductor-processing tech- 
niques. That’s true. But many advances in electronics will come from 
areas that don’t depend on the latest DRAM technology—for example, 
high-performance op amps, neural-net chips, or signal-processing ICs. 
So DRAM technology may beget better DRAMs, but it doesn’t always 
mean supremacy in other products. 

Overall, we’ll find that US semiconductor firms have lost little by 
bowing out of a noncompetitive, single-source memory venture. In 
my opinion, the future belongs to smaller competitive companies that 
customize products to customers’ needs. You can’t do that with 
DRAMs. Companies that are strong competitors and that react quickly 
to the vagaries of markets will be in ascendancy. But companies that 
offer commodity products and compete on price instead of value are 
doomed. 

In light of US Memories’ death, Sony’s chairman Akio Morita is 
surprised that US companies would not adopt the bigger-is-better 
attitude of Japanese companies. He cannot understand that size is often 
irrelevant. Instead of mourning the loss of US Memories, let’s make 
sure that government rules and regulations don’t stifle competition 
and don’t tax our businesses out of existence. Companies whose prod- 
ucts embody ingenuity and innovation can take on a large, slow-moving 


company any day. If they couldn’t, relative newcomers such as Com- 


paq, Cypress Semiconductor, and Sun Microsystems wouldn’t exist. 


ad Jon Titus 
Editor 
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JIM DYKES ON MAKING THE PREFERRED LIST. 


_ As IC markets advance into the 90s, benchmarks are shifting from speed and specs 


to new global criteria. Customers are narrowing their suppliers to a few key partners 


who excel in six essential areas. Here’s how Signetics is responding to these six 
| : “dimensions of performance.” 


_ TECHNOLOGY ADVANCEMENTS. We're working 
with our customers to push the boundaries of 
_tomorrow’s technologies. That includes innova- 

~ tions in Bipolar, CMOS and BiCMOS, as well as in 
_ our leading-edge surface mount technology. It 
_ also includes strategic partnerships to apply _ 

~ technologies like Sun Microsystems’ SPAR ™ to 

_ many new products. | 


_ NEW PRODUCTS. We're listening to customer feed- 
back and responding to the need for products like 
: ‘high-performance, lower power ICs, and for appli- 
- cation-specific products. Good examples are our 
_ cellular phone chip set, fiber optics chip set and 
- 42VA12 sequencer, each voted “Best of 89” by 
ae El ectronic Design. Cycle time management 
speeds our design time and gets innovations to 


immediate answers. They can get them through 
the Philips network of sales offices and design 
nters in 65 countries around the world. From 
sign-in and sales to application support, our Cus- 
ers find local responsiveness in every major 
+t. We continue pushing improvements in 
of support, from EDI for order place- 
ecasts to JIT deliveries. oo 


- GLOBAL CUSTOMER SUPPORT. Customers need 
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PRODUCT AND SERVICE QUALITY. Today, how a ser- 
vice team performs is as important as how a prod- 
uct performs. We’re addressing this critical issue 
with cycle time management to speed our deliv- 
ery and our response to special requests. We've 
established ship-to-stock and critical process 
change notice programs that our customers say 
are the best. And now, Signetics has adopted the 
Baldrige Award criteria as our standard. — 


MANUFACTURING EXCELLENCE. In production 
there’s no room for compromise. We're meeting 
demanding standards with proven facilities and 
experienced fabrication and assembly teams 


_ throughout the world. With cycle time manage- 


ment and advanced statistical process control 
methods, shipment after shipment of the prod- 
ucts we turn out are of world-class quality. 


_ EMPLOYEE INVOLVEMENT. For a company to excel, : 


it needs an attitude of excitement and pride. We're 


building an environment that encourages and 
rewards personal leadership. A change is taking 
place. We’re empowering all employees in every 


area of our business with the freedom to act on 


their own initiative. 
: As you see, times are changing. So is Philips | 
- Components-Signetics. Call today for our capa- 
__ bilities brochure: 800-227-1817, ext. 710D. 
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TRUM TA TAN FRA. TATA TTL TL TM FA TAR TS 

IML TAY TL TAN LA HH PTL TA HAL HCA HAL A SMU A AL ANH 


2, ‘a a. 


They’re simple. They’re shielded. 
They go in with a solid click, and 
release with a gentle squeeze. Keying 
and polarization are implicit. 

And they’re very, very durable. 
In fact, our Shielded Data Link (SDL) 
connectors are rated at 3000 cycles. 
They owe their toughness to design 
and engineering, and attention to such 


AMP SDL connectors—selectively gold 
plated for reliability and durability— 
come in 4, 6, 8 and 16 positions. 
Optional boot for round cable version 
protects against electro-static discharge. 


details as selective gold plating. 
Dependability is the essence of 


friendliness. 


But good-looking and hard- 
working start well before the user sees 
this connector, The highly effective 
shield is designed in, so our SDL con- 
nector comes as a no-hassle, one- _ 
Offset flange receptacle 


makes good use 
of real estate. 
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piece assembly. It terminates to flat 
shielded cable in a single step—con- 
ductors and shield, plus two-point 
strain relief. Round cable takes only 
two steps. | 
AMP SDL connectors are a cost- 
effective alternative to crimp-snap type 


Receptacle options: 
F top and side entry, and shunted side 
Sentry versions for network applications. 


For technical information and 
literature on SDL connectors, call 


products, whether you do-it-yourself 1-800-522-6752. AMP Incorporated, — 
or order custom cables from us in flat, Harrisburg, PA 17105-3608. 


round, or coiled styles. Either way, you 


benefit from the same ease of applica- . : 

tion, the same well-thought-out design. ANI a interconnecting ideas 
And you walk away with the reliability 

and durability you need. 
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Whether you need 10 labolae or 10, 000.. tsa ( : 
Snap to identify your products with PANDUIT oo * bac and data epee .more styles, 
computer-printable labe sand label Printing : - aS sizes and materials to meet a variety of 
Software. - — — — 
@Use your PC and, yrinter...you avoid the Sw 
_ expense andi inconvenience of ‘Special — 
S - dedicated hardware rr 
© Use your equipment to create the exact label 
_~you need, when you need dit—just in time. : 


f “industrial” pin- fed 


Call for FREE demo _ 
diskette. — 


PANDULT 
COMPUTER 1MPR 
MARKER PLATE 


-screen—inclu ding Bi RC ODING.. : 


“spe ifications, plus room for your custom 
designs. oo 
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Consider using 
multichannel sam- 
pling ADCs—if 
they meet your 
flexibility and per- 
formance needs. 


Anne Watson Swager, 
Associate Editor 
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MULTICHANNEL SAMPLING ADCs 


ICs and hybrids pose 
as entire systems 


he benefit of using highly in- 
tegrated ICs is pure and sim- 
ple: They do more of your 
work for you. This benefit is 
especially true of the analog 
front end of data-acquisition systems. 
ICs and hybrids that combine a multi- 
plexer, a S/H amplifier, and an ADC 
reduce the time and effort you would 
otherwise devote to sensitive analog de- 
sign. Not only do these chips free you 
from designing each analog stage, they 
shift the burden of testing—and guaran- 
teeing—the entire system to the manu- 
facturer. 

However, these multichannel sam- 
pling ADCs may lack an important fea- 
ture or not be flexible enough for your 
system. You have to decide what combi- 
nation of features and performance is 
most cost-effective for your design. For 
example, there are some devices with, 
and some devices without, voltage refer- 
ences. If an IC or hybrid has an internal 
reference, it may not 
have the precision neces- 
sary for your application. 
Consider whether a less 
highly integrated part 
and a few more external 
components might help 
your system achieve 
higher performance. (See 
box, “Board and box ven- 
dors make surprising 
choices.”’) 

Most converter manu- 
facturers agree that a 
multiplexer, a S/H ampli- 
fier, and an ADC are the 
basic components of any 
data-acquisition system. 
(Keep in mind that these 


devices are only a subset of a large num- 
ber and variety of data-acquisition com- 
ponents.) Beyond these components, a 
device can have all sorts of bells and 
whistles. The multichannel sampling 
ADCs in Table 1 have at least a 2-chan- 
nel multiplexer, a S/H amplifier, and an 
A/D converter in the same package. In 
some cases, the ICs and hybrids include 
more subcomponents, such as instru- 
mentation amplifiers, voltage refer- 
ences, and internal clocks. These prod- 
ucts are a mixture of industry-standard 
hybrids—such as Datel’s HDAS-8/16— 
and 1-year-old monolithics—such as Lin- 
ear Technology’s LTC1290. 

Most of these ICs and hybrids are suc- 
cessive-approximation types. Although 
some low-frequency applications don’t 
require the sample-and-hold function, 
most of these parts require S/H amplifi- 
ers to accurately digitize signals at sam- 
pling rates close to the ADC’s Nyquist 
limits. A few of the ICs are half-flash 


ICs and hybrids that combine a multiplexer, a S/H amplifier, and 
an ADC are just a subset of an increasing market of data-acquisition 
components that offer more functions per package. Hybrids, such 
as Sipex’s SP9488, offer you the most complete set of functions, but 
ICs feature lower prices. 
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TECHNOLOGY UPDATE 


hybrids require much less power 
and space than their predecessors. 
The HDAS-75 and -76 75-kHz hy- 
brids dissipate 500 mW typ. Three 
other manufacturers deserve men- 
tion for their ability to pack 
functions into small packages. Burr- 
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Brown’s SDM86x/87x 33- and 50- 
kHz devices come in surface-mount 


LCCs. Sipex’s 12-bit SP9462 and 
-9463 come in 16-pin PGA (pin grid 
array) packages, and Micro Net- 
works’ MN714x family comes in 28- 


pin double-wide DIPs. 


Parallel 


Parallel 


Parallel 
Parallel 


Parallel 


Serial 
Serial 


Serial 


Serial 


The highest performance you'll 
find in these hybrids and ICs is 14 
bits. Sipex was the first to feature 
14-bit linear devices, the SP9480 
and -9488. The SP9488 is an en- 
hanced version of the -9480 with 
twice the speed and more input- 


eee 
es 
GET 
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Multichannel sampling ADCs 


and output-interface options. Datel 
recently joined this high-resolu- 
tion market with its HDAS-950 
~ and -951. 

Some hybrids also have features 
that are particularly important to 
signal processing. Analog Devices 
tests and specifies AD1334s for a 
S/N ratio and THD of 70 and —76 
dB, respectively. The input struc- 
ture of the AD1334 differs from the 
other all-in-one hybrids. Instead of 
a multiplexer and a single S/H am- 
plifier, the device includes four 
dedicated S/H amplifiers and a 4:1 
multiplexer. 


While hybrid manufacturers con- 
tinue to develop new products, the 
monolithic camp is equally busy. 
New 10- and 12-bit monolithic de- 
vices from National Semiconductor 
and Linear Technology provide 
competitive performance and flexi- 
bility for low costs. These serial-in- 
terface devices typically have sepa- 
rate conversion and I/O clocks, 
which simplifies ~P control. The 
LTC1090 and -1290 let you program 
the input range, the input type, and 
the data sequence (MSB or LSB 
first). 

The linearity specifications of 


many of these multichannel ICs and 
hybrids can compete with those of 
stand-alone ADCs. Most of the ICs 
that have linearity ratings of 2 LSB 
are also available in 1-LSB ver- 
sions. Many manufacturers guaran- 
tee a device’s performance over 
temperature. Datel specifies lin- 
earity over the entire temperature 
and power-supply ranges. 

One newer specification IC manu- 
facturers often quote is total unad- 
justed error. Total unadjusted error 
compares the performance of the ac- 
tual ADC to an ideal converter 
without any necessary external ad- 


aap ease 


: Board and box vendors make surprising choices 
Many designers whom you'd expect to use highly — 


_ One box-level and three data-acquisition-board _ 


integrated ICs due to space considerations don’t. 


- manufacturers prefer monolithic multiplexers, S/H 
amplifiers, and ADCs to both hybrid and monolithic 


- multichannel sampling ADCs. Instead of moving to-- 
ward using more system ICs, Audrey Harvey of 
National Instruments (Austin, TX) says her com- | 


_ pany is moving in the opposite direction. Its engi- 
‘neers are designing S/H amplifiers of their own. 


_Data-acquisition-board manufacturers don’t use 
these highly integrated devices mostly because of 


_ the requirements of their largest customer: scientific 


research-and-development labs. These manufactur- | 


ers do sell boards for industrial environments, but 


scientific equipment has some requirements that 


other systems don't. Although your system may not 
_ have these same requirements, the following prod- — 


~ uct-selection criteria should d make you re and 


think. | 
One of the primary reasons dats aeauicliok board 
manufacturers use or don’t use a certain type of 


‘component is cost. These manufacturers don’t even 


look at hybrid products. In many cases, they have 
experienced analog designers, so the costs of gener- 


_ ating comparable designs are not high. Many data- 


acquisition-board manufacturers say they’ll take a _ 


look at the low-cost monolithic all-in-one ICs, but 


| they don’t seem to be in any great hurry to find 


specific product. applications for these devices. Ap- 


_ parently, their current — foe meet wor 
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projected goals. 


levels of performance. They tend to look only at ICs _ 
_ with 12 or more bits of resolution. I/O Tech (Cleve- 
land, OH) manufactures IEEE-488 box-level Lage 
ucts with 16-bit resolutions. According to Don _ — 


enough to find a true 16-bit converter, let et alone one 
_ packaged with additional circuitry. — | 


Board and box vaasiwacturens oe 


Ecker, designer of the company’s ADC488 


_ The flexibility of both the input ae and the 


pP interface also affects product selection. Steve _. 

_ Conners of Data Translation (Marlboro, MA) cites _ 

_ the lack of user-selectable inputs and restricted in- _ 
put ranges as major disadvantages of hybrids and > 


monolithics, respectively. Most scientific laboratory 


instruments have +10V ranges, thus making some _ 


of the inexpensive 0-to-5V monolithics unacceptable. _ 


_ However, this lower-input range is not a disadvan-_ | 


tage for industrial or automotive applications. Cur- 
rent loops of 4 to 20 mA with impedances of 2500 
require only 1 to 5V. Barry Phillips of MetraByte — 
(Taunton, MA), another data-acquisition-board 


manufacturer, points out some triggering limitations 


of these all-in-one ADCs. Many of these devices op- 


- erate when the pP triggers the ADC as a memory- — 


read or -write operation. “These aaveen devices — 
are inflexible,” says Phillips. | 

None of these concerns may directly apply to your — 
system, but they point out some basics of product _ 


development: Know your customers and the specifi- 


cations they want, know your cost limitations, and ~ 


_ know the value of your competitive edge. Choose 


the right parts to get the Ae ue oe 
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DATEL Data Acquisition Systems 
when you can’t afford compromise 


DATA ACQUISITION SYSTEM 
HDAS—528éC 


a MADE DH USA 


sDATEL 
DATEL's broad line of oas-ssomc, 
complete hybrid Data * _ | 
Acquisition Systems 
provides unmatched 
performance. Precision, 
speed, small size, low power, 
and functional integration. 

All have been optimized to save 
money, time, and space in your 


Each unit saves 
valuable space while 
minimizing layout and 
interfacing pitfalls. 
DATEL's hybrid Data 

Acquisition Systems give you 
uncompromised design. 
Compare them. Bottom line: you 
can't afford to look anywhere else. 
Data Acquisition designs. Call or write today for our 


The HDAS-524 and HDAS-528 new Data Conversion Brochure. 
hybrids provide an industry first 1-800-233-2765. 

400 KHz throughput. This is de- 
livered with just 2.6W power dis- 
sipation in a small 40-pin DDIP. 

HDAS-75 and HDAS-76 offer a 
fast 75 KHz throughput with 500 
mW power dissipation. That's 
50% less than the nearest compe- aoc S , ESTATE joer 
titive unit. — - ‘ OUIFUT OUTPUT 

The HDAS-950 and HDAS-951_ | 
provide 16-bit resolution at 75 
KHz throughput rates. Packaged 
in a 40-pin DDIP, you get a 45% 
space savings versus competitive 
products. 

HDAS-16 and HDAS-8 are 
industry standards. First devel- 
oped and introduced by DATEL, 
they deliver 12 bits at 50 KHz 
throughput and are designed-in 


DATA ACQUISITION SYSTEM | 
HDAS—75MC : 


A Mare TA USA 


Base FH ESR 


~ 
— ~~ ~ 
< — MK 


DAS-952R 8 sd 0.015 16 SE 40-PIN DIP 


many high-reliability military 
systems. HDAS-16/8 12 50 1.45 16 SE/ 8D 62-PIN Hybrid 
h u 
ae Bn oe Rasa On pogrd HDAS-75/76 12 75 0.500 8 SE/ 4D 40-PIN DDIP 
multiplexer, sample-hold, in- 
to-digital converter, clock refer- HDAS-524/528 12 400 2.6 8SE/4D —_40-PIN DDIP 
ence, amie) impedance: Larec: HDAS-950/951 16 75 1.1 8 SE/ 4D 40-PIN DDIP 


state outputs. 


INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION 
11 CABOT BOULEVARD, MANSFIELD, MA 02048-1194 TEL. (508) 339-3000/TELEX 174388/FAX (508) 339-6356 
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justments. The use of a total-error 
specification is not unique to all-in- 
one ICs—you'll also find it on some 
stand-alone-ADC data sheets. In 
the case of multichannel sampling 
ADCs, total unadjusted error in- 
cludes multiplexer and sampling er- 
rors in addition to linearity, gain, 
and offset errors. 

National Semiconductor’s ADC- 
0803x and ADC108x families as well 
as Maxim’s 154 and 158 series have 
total unadjusted errors of ’2 LSB. 
(These specifications appear in the 
maximum linearity column of the 
table.) Linear Technology and 
Texas Instruments provide the 
other error specifications in addi- 
tion to the total unadjusted errors 
of +’2 LSB on their data sheets. 
Micro Linear breaks up _ the 
ML2200’s and -2208’s total error 
specifications. These devices have 
a maximum unadjusted zero error 
and a maximum unadjusted positive 
and negative full-scale error of +1 
LSB with an external reference. 


How fast is fast? 


The fastest throughput of any of 
these ICs or hybrids is 400 kHz. 
Most of the other 12-bit devices 
have throughputs between 25 and 
75 kHz. The numbers quoted are 
the maximum throughputs attain- 
able for each device with any single 
channel running alone. 

To determine the throughput of 
your entire system, you typically 
divide the device’s maximum per- 
channel throughput rate by the 
number of input channels. This cal- 
culation may seem straightforward, 
but it often isn’t. The device’s 
throughput can change depending 
on the operating mode. The 
AD1334’s 4-channel sampling rate 
is actually higher than the single- 
channel rate divided by 4. Burr- 
Brown’s SDM family has conversion 
times of 45 psec in serial mode and 
30 wsec in overlap mode. In other 
cases, the total throughput may be 
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Hybrid manufacturers continue to develop all-in-one packages that offer variations in 


lower than you would expect. If a 
device’s per-channel throughput 
specification does not include chan- 
nel-switching and settling times, 
you must add them to the total sys- 
tem throughput. 

Always keep in mind _ that 
throughput does not equal the in- 
verse of conversion time. If a data 
Sheet only gives the conversion 
time, you have to add that number 
to the acquisition time of the S/H 
amplifier and the settling time of 
the input multiplexer to determine 
the maximum throughput rate. 

The type of output interface is 


LTC1 


The maximum linearity of many of these 
system ICs is +1/2 LSB. (Photo courtesy 
Linear Technology Corp) 


_ Speed, power consumption, and size. Datel’s 40-pin HDAS-524 and -528 hybrids have 
throughputs of 400 kHz and dissipate 3W maz. 


one reason manufacturers specify 
the timing of some devices differ- 
ently from others. Most hybrids 
have parallel interfaces and most 
monolithics have serial ones be- 
cause of the number of output pins. 
Parallel-interface devices typically 
have 3-state outputs and a few pP 
control lines. Serial interfaces usu- 
ally consist of a few lines directly 
connected to the pP’s chip-select, 
clock, and data lines. 

Willie Rempfer, designer of Lin- 
ear Technology’s LTC1090, says 
that the throughput of a serial-in- 
terface device is much more de- 
pendent on the wP’s transfer rate 
than is the throughput of a parallel 
device. Thus, the company quotes 
specifications in clock frequencies 
rather than in real numbers. For 
example, the 50-kHz maximum 
throughput of the LTC1290 is 
really the result of the calcula- 
tion: 12x SCLK +56 x ACLK, where 
SCLK is the inverse of the wP’s 
shift-clock frequency and ACLK is 
the inverse of the ADC clock fre- 


quency. 
In addition to performance, an- 
other benefit—or drawback—of 
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Introducing Vivisun Series 2000, the programmable 
display pushbutton system that interfaces the 
operator with the host computer. The user friendly 
LED dot-matrix displays can display any graphics 
or alpha-numerics and are available in green, red 
or amber. They can efficiently guide the operator 
through any complex sequence, such as a checklist, 
with no errors and no wasted time. 

They also simplify operator training as well as 
control panel design. Four Vivisun Series 2000 
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Programmable display switches. Making the complex simple. | 


switches can replace 50 or more dedicated switches 
and the wiring that goes with them. In short, 
Vivisun Series 2000 gives you more control over 
everything including your costs. 

Contact us today. 


AEROSPACE OPTICS INC. 


3201 Sandy Lane, Fort Worth, Texas 76112 
(817) 451-1141 + Telex 75-8461 + Fax (817) 654-3405 


SERIES 
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multichannel sampling ADCs is the 
flexibility of their input structures. 
Most hybrids have either single- 
ended or differential dedicated in- 
puts. The SP9488 is one exception. 
You select among 16 single-ended 
channels or eight differential chan- 
nels by connecting certain input 
pins. 

Only the LTC1090 and LTC1290 
series feature differential inputs in 
a monolithic device. You can pro- 
gram these inputs on the fly by set- 
ting and clearing the desired bits 
of the address byte from the pP. 
However, the switched-capacitor 
input of these devices (Fig 1) adds 
a few quirks to these ICs’ differen- 
tial operation: The ICs can accept 
two input signals, but the signals 
can’t be moving relative to one an- 
other. The S/H function only applies 
to the plus input. 

When C,y of Fig 1 switches to 
the minus input—the time when 
sampling occurs—its charge injects 
into the summing junction of an op 
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Fig 1—The switched-capacitor input structure of the LTC1090 and -1290 provides the 
sample-and-hold function on the plus input only. To maintain accuracy, the minus input 
must remain stable during the entire conversion. 


amp. The capacitor’s input stays 
connected to the minus input during 
the duration of the conversion. If 
the signal connected to the minus 
input hasn’t settled or is unstable, 
the conversion won’t be accurate. 
Since one input must be a fixed de 
level, these inputs aren’t truly dif- 
ferential. However, the company 
says that many customers use the 
minus input to intentionally offset 
the converter’s input range. The 


ability to add offset is useful when 
the sensor’s de output range doesn’t 
match the input range of the ADC. 

Although these highly integrated 
devices have the nickname of all-in- 
one ICs, no device can truly fit that 
description. These multichannel 
sampling ADCs require the same 
grounding and bypassing  tech- 
niques that are crucial to any ADC’s 
performance. And you may have to 
add external components to provide 
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SEND IN THIS AD AND 
GET A FREE PUZZLE! 


The Challenge 
You want the benefits of RISC CPU performance accelerated by the 
world’s best cache memory with a simple system bus interface—and the 
solution has to work the first time. IDT accepts the challenge by intro- 
ducing the world’s first R3000 RISC SubSystem module, part of IDT’s 
“Building Blocks for the ’90s”. 


Putting the Pieces in Place 

The IDT7RS101 RISC SubSystem module integrates IDT’s R3000 RISC CPU 
with the R3010 Floating Point Accelerator, cache memories, and FCT logic 
into a complete, debugged CPU engine. Implemented on a high-density, 
surface mounted, 8-layer board, our RISC SubSystem module solves high- 
speed local bus timing, control, and line length issues while providing 
the flexibility to tailor clock frequency and system I/O to your specific 
application. In addition, the IDT7RS301 Development Board provides a 
generic system board environment for both hardware and software 
evaluation. 


Completing the Puzzle in Record Time 


The IDT7RS101, like all of our subsystems, meets your increasing per- 
formance demands by incorporating the fastest components available. 
We design, manufacture, test, and burn-in our subsystems before they go 
out the door for guaranteed reliability —all you have to do is plug them 
in! And we can get your application up and running in record time. 


RISC SubSystem is a trademark of Integrated Device Technology, Inc. CIRCLE NO. 64 


You Can Count On Us 

Call our Marketing Hotline at 
(408) 492-8303, Dept. TS90 today 
for technical information. Or call 
(408) 492-8225 for a copy of our 
Subsystems Short-Form Catalog, 
Custom Modules Information 
Packet, and 1989 Data Book Sup- 
plement with details about our 
RISC modules and subsystems. 

IDT, Corporate Marketing, 
2975 Stender Way, Santa Clara, CA 
95052-8015, FAX 408-492-8674. 
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no price increase - still only $ 495 


GUARANTEED MOST POWER OF ANY PC 
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SDX, PostScript, Lotus, DBASE, AutoCad DXF block 
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interfaces * 1024 x 768 graphics adapters * Forward/back 
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input overvoltage protection. Most 
of the hybrids protect the inputs to 
between 10 and 15V beyond the > 
supply voltages; they usually incor- 
porate overvoltage-protected multi- 
plexers. The monolithic ML2200 
and -2208’s inputs can go as high 
as TV above the supply voltage. 


Multiple functions in a small package is 
the primary benefit of any highly integrated 
device. Burr-Brown’s SDM series packs a 
multiplexer, a S/H amplifier, an ADC, and 
more into a 1-in.* pin-grid array or LCC. 


However, the other monolithics 
have no such protection, so you’d 
have to add external clamp circuits. 

Whether you’re looking for the 
most complete system or a particu- 
lar set of functions in one package, 
there’s no question that using these 
ICs and hybrids will speed design 
time and save space in the process. 
Whether they offer the right combi- 
nation of performance and flexibil- 
ity is a question you can answer 
only through data-sheet scrutiny 
and a thorough knowledge of your 
design goals. 


Reference 


1. Conner, Doug, “Analog switches and 
multiplexers,” EDN, March 15, 1990, 
pg 130. 
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MI's twenty years as the 

leader in precision op 
amps bring you a true cost 
and performance break- 
through — the OP-177! 


Precisely One 


We've got them all — singles, 
duals, quads; micropower, 
high-speed, low noise, and 
instrumentation versions, 
too. If you need a cost- 
effective solution to pour 


Dollar 


amplifier requirements, call 
us first at 800-843-1515. Or, 
circle the reader service 
number below for informa- 
tion on the industry's most 


extensive precision amplifier 


Check the table and wa = Te 
coe hove ORe177 Highest Precision Op Amps . 
At the Lowest a 
delivers the highest 
performance at the ee me 
Vos ICVos Temp. 
lowest prices. (uv) (uV/°C) Range 
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Hew eines OPO7AZ 2% 06 —Sa ec 
pre OP17AZ © 1 
10uV, 0.1pV°EC Lo : 
GUARANTEED. With 
prices starting at $1.00, why 
use any other precision op 
amp? 
® 


Santa Clara, California 95054-3434 


Precision Monolithics Inc. 
1500 Space Park Drive 


Guaranteed 
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| family. 


| PMI's all new 

| 1800 page Analog 

_ IC data book is 
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free copy of this 
valuable design tool 
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performance, 
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complete 


makes a 


Micro Networks 
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T/Hs. 


family ( 
user-transparent 


required. Guaranteed 


with — internal, 


No “glue” logic 
specifications up to the Nyquist limit. Just 
plug in, power up and supply convert 

Micro Networks’ Sampling A/Ds 


command. What could be simpler. To take 
your next DSP project. stressed out to ao ee 
bandwidth applications, especially 
at (508) DSP applications in industrial, 
military and aerospace programs. 


designed in, call: 
852-5400. Or return the coupon. 
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Bye-by 


Now there’s a way to solve your 
software development backlog 
problems. 

And Digital has it today. 

It’s the only kind of solution to 
the problems of developing software 
that really works. 

A total solution. 

It’s Digital’s complete CASE 
environment. It gives developers of 
commercial and technical applications 
a totally integrated approach to soft- 
ware development — something that’s 
essential to the software development 
cycle and accelerates it in ways that 
CASE tools alone never could. 


©) WRITE ONCE AND FOR ALL. 
What's so unique about Digital’s 
CASE environment is what it lets you 


do. That’s because it rests solidly on 
foundation of architectural standard 
that are both open and flexible. 

A case in point. Our CASE tools 
are supported by Digital’s Network | 
Application Support (NAS). Digital’: 
NAS lets you develop applications fc 
computers with one operating syster 
yet run them on different computers 
with different operating systems. Thi 
competition can’t offer this level of ii 
tegration for saving time and money. 


) A FRAMEWORK THAT 
REALLY WORKS. 

We also offer a CASE integratior 
framework, specifically designed for 
software development. As with our 
architectural standards, the frame- 
work is open, flexible and complete. 


or example, it offers the industry’s 

rst distributed CASE repository. 
onsequently, team communications, 
rocess management, data and infor- 
ation sharing and other functions 

yat make development faster and eas- 
r are integrated. What’s more, 3rd 
arty products and tools can also be 
tegrated. 


) THE COMPLETE TOOL CASE. 
Then there are the tools them- 

2lves. Here too, Digital offers more. 

Ve provide a complete set of industry- 

-ading tools for every aspect of the 

evelopment cycle. These include 

sols for information systems, transac- 

on processing, technical, scientific 

nd embedded applications and more. 


= © Digital Equipment 
| Corporation 1990. The 


| Digital logo and Digital 
|, has it now are trademarks 
f Digital Equipment 


And finally, there’s support. As 
with everything else we offer for our 
CASE environment, our support is all- 
encompassing. Count on things like 
training, consulting, special courses, 
worldwide service and even CASE 
integration services. 

To be effective and productive 
today, you need the right tools. But, 
more important than that, you need 
the right environment. Find out now 
what a difference Digital’s complete 
CASE environment can make. Call 
1-800-842-5273 ext. 315. Or call your 


local Digital sales office. Digi t al 
has 
It 
NOW. 
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The ADSP-2100 


@ The ADSP-2100 computes a 
1024-point complex FFT in less 
than 3 ms with a total memory 
requirement of less than 4k bytes. 
It also computes a2 X 22D con- 
volution in 1.2 ws and executes 
ADPCM in only 68 ws. 


@ The ADSP-2100 can access two 
words of external data every cycle. 


@ The ADSP-2100 supports zero- 
overhead loops of any length. So our 
looped code —which is the easiest 
to write—is also the fastest. 


@ The ADSP-2100’s two dedicated 
data address generators can auto- 
increment/decrement by any offset 
value, and they have automatic cir- 
cular buffer wraparound. 


e The ADSP-2100 Assembler 
supports the easiest language in 
the business. So you codea 
multiplication/accumulation 
the same way you'd write the 
original algorithm. For example, 
the algebraic R= R + X*Y codes 
as MR=MR+ MX0*MY0. 


We're not saying the TMS320025 is slow. But evenif it were twice as efficient as itis nowit’d 
_ DSP than the ADSP-2100. The fact is, the ADSP-2100 is out in front of the TMS320C25 in perform il 


~ code, and development tools. 


_ Analog Devices, Inc. OneTe 
Pa aa, 


____ Just how far out front? Get our free technical booklet and read about it. Or better yet, get an AD SP. 
| ith for only $49.95 ands see for seco aie Torequest either, call your nearest Analog Devices office. ays 


ology Way, PO. Box 9106, Norwood,MA 02062- 9106. Offices and cent ions support available world : 


The TMS320C25 
e The TMS320C25 takes more than 
three times as long to compute the 


same size FFT, while it devours over _ 
47k bytes of memory. ' _ 


e The TMS320C25 is limited to one 
access ofexternaldataeverytwo 
cycles. — 


e The only zero-overhead loop the 

TMS320C25 canexecuteisone 
instruction repeated no more than _ 
256 times. _ 


© Circular buffers? TheTMS320C25 5 
doesn’t support them. 


e The TMS320C25 is programmed 
with 133 mnemonics like SPAC, 
BGEZ,MACD, XORX, and SBE 
A multipliation/accumulation 

coded as MACD >FF03*—.Whi 
this might not scare the X 
of you, it’s not the easie 
debugormaintain. 
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ICs provide full-duplex, synchronous 
communications via single optical cable 


f you’ve been looking for a way 
to significantly reduce the ex- 
pense of fiber-optic communi- 
cations, the CS8123 and CS8124 Op- 
timodem monolithic ICs provide 
full-duplex synchronous transmis- 
sions over a single, 1306m optical 
cable. By implementing a digital 
calibration scheme to control the 
bandwidth of the linear channel, the 
CS8123 and CS8124 become so sen- 
sitive that you can use a simple 
LED as a detector. 

This level of sensitivity also per- 
mits you to use inexpensive plastic 
cable that can cut your system’s ca- 
bling costs by 30%. Furthermore, 
you only need $40 worth of compo- 
nents to create each chip-based ter- 
mination, compared with the cur- 
rent $150 per end you'd have to pay 
for lower-function, asynchronous 
modules. 

The chips send and receive serial 
binary data by encoding, decoding, 
and buffering data to implement a 
time-compressed and multiplexed 
“ping-pong” channel. Synchroniza- 
tion logic continually switches each 
device and its respective LED from 
transmit mode to receive mode, 
thus creating a bidirectional “ping- 
pong” communication. If you choose 
to use a higher data rate on the 
optical cable than is necessary for 
end-user applications, you'll find 
that a half-duplex ping-pong link 
can support a full-duplex end-user 
connection. 

Four optional secondary-control 
channels provide 1-kHz independ- 
ent end-to-end transmissions that 
can operate in parallel with the pri- 
mary communications link—an es- 
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TRANSMIT 
CURRENT 


LEVEL DRI 


NOTES: 
DR1,DR2, DR3, TxC, RxC, AND CKC 
APPLY ONLY TO THE CS8124 
_DR1, 2, 3 = DATA RATE INPUTS 
CKC = CLOCK CONTROL 
TxD = TRANSMIT DATA 
_ TxC = TRANSMIT CLOCK 
- DG1, 2,3 = DIAGNOSTIC INPUTS ~ 
_XTL = CRYSTAL 
RS2 = RS- enee MODE SWITCH 


 ~VA+= 

VD+ = 
 RC- 
_ Pee 


a |Rs-232c 
DSF INTERFACE : 
RTS COMMUNICATIONS : 
~A7S CONTROL 

= |LINES 


ANALOG SUPPLY VOLTAGE 
DIGITAL SUPPLY VOLTAGE 
RECEIVE CLOCK © 
RECEIVE DATA 


This Optimodem IC provides bidirectional communications over a single fiber-optic cable 
by using synchronization logic that establishes an alternating * ‘ning-pong” type of communt- 
cation link. The chip includes RS-232C handshake lines to reduce external circuitry. 


pecially useful feature for transmit- 
ting RS-232C control data. In addi- 
tion, the CS8124 gives your system 
synchronous communication at 
2.4k, 9.6k, 19.2k, 64k, 160k, 192k, 
and 256k bps. Both chips offer full- 
duplex asynchronous operation to 
38.4k bps. You can provide external 
transmit clocks for each link, or the 
chips can internally generate a clock 
cycle. And flexible clocking modes 
allow you to establish asynchronous 
transmit clocks at each end of a sin- 
gle link. 

An internal master clock operates 
in each chip at one-sixth the fre- 


quency of your circuit’s oscillator. 
A machine cycle of 128 master-clock 
cycles provides four periods: time 
to transmit; a delay period; time to 
receive; and another delay period. 
Each chip establishes the length of 
the delay periods to adjust the posi- 
tion of the transmit window and the 
receive window to provide signal- 
propagation time along the length 
of the cable. 

A digital phase-locked loop per- 
forms timing recovery to maintain 
synchronization between the mas- 
ter and slave chips. An internal jit- 
ter attenuator reduces clock jitter 
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Smallest footprint. 
Lowest power 


A Spanking-new Family of 5-Volt Devices for Power-stingy Disk Drives. 


piich quad flat pack (body 390 x 390 mils) 
and the 32R1200, 32R4610 Read/Write 
devices are available in standard 16-pin 
and 20-pin SO packages. 


lf you're designing disk drives for use in 
applications where low power and small 
footprint are important, you need Silicon 
systems’ new family of low-power read- 
channel devices. 

The family consists of three 5- volt- 
only high performance read-channel 
devices —the SSI 32R1200, SSI 32 R4610, 
and SSI 32P548. The 32R1200 (Ferrite/ 
MIG) and the 32R4610 (Thin Film) are 
R/W amplifiers—each providing a low- 
noise read amplifier, write drivers, and 
data protection circuitry. The 32P548 
(Pulse Detector/Data Synchronizer) is a 
highly integrated combination circuit con- 
faining complete pulse detection, data 
synchronization, and embedded servo 
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capture electronics. 

An entire data channel using this 
9-volt family is capable of operating on a 
stingy 750mW while still providing high 
performance. Alternate design solutions 
offen consume as much as two to three 
times more power. In addition to low oper- 
ating power, two independent power- 
down states are provided. The first is a 
Sleep state included in each device for 
power savings during idle conditions. The 
second state, contained in the 32P548, 
powers down circuitry not required during 
servo acquisition. 

The 32P548 comes in a 52-pin fine- 


silicon — 


CALL NOW! 


(714) 731-7110, Ext. 3575 


Don’t be the last kid on your block to meet 
our new family. Send for information now, 
or call and ask for literature package 
MPD-1. 

Silicon Systems, Inc. 

14351 Myford Road, Tustin, CA 92680 

Ph: (714) 731-7110, FAX: (714) 669-8814 
European Hdq. U.K. Ph: (44) 7983-233] 
European Hdq. U.K. FAX: (44) 7983-2117 
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EIN ELI TORS CHOICE 


that may result from the ping-pong 
operation and line-code decoding. 
And a calibration circuit tunes the 
bandwidth of the chip’s amplifier to 
prevent high-frequency noise from 
getting into the chip. 

You can use chip links with a ter- 
minal concentrator to connect sev- 
eral computer terminals to an 
FDDI (Fiber Data Distribution In- 
terface) network at a low cost. An- 
other application lets you reduce 
the cable and connector congestion 
of RS-232C matrix terminations by 
substituting optical cables in high- 
capacity data PBXs and matrix 
switches. When weight is a consid- 
eration, optical cables offer an ad- 
vantage over heavier copper wire. 
In addition, the chips can transmit 
data more than 1000m at 256k bps, 
whereas RS-232C cables are limited 
to 100m transmissions at 19.2k bps. 
Optical communications also pro- 
vide secure voice and data commu- 
nications, superior electrical noise 
immunity, and minimal risk of elec- 
trical sparks in explosive atmos- 
pheres. 

Currently available in production 
quantities, the CS8123 sells for 
$17.70, and the CS8124 costs $21.30 
(100).—J D Mosley 

Crystal Semiconductor Corp, 
Box 17847, Austin, TX 78760. 
Phone (512) 445-7222. FAX (512) 
44d- 7581. 
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SCSI 


INSTRUMENTS 


> Display trace memory Op structured format] 
Enter starting addr (Hex): 


Arbitration /80 
Select w.ATN /CO 
Message; ay <leier pet gl 
Command highog ale} vs 
Data-In 7 00 0 20 20 
pe 30 34 20 
Status /00 
gio In /00 
Ariel erection w.ATN /80 
Select w.ATN /CO 
Message-Out/CO( Identify) 
Command /08(Read) 00 00 10 01 00 
Message-In /04(Disconnect) 
s free 
<a /40 
Reselect /CO 
See In /80( Identify) 
Data-In pe 00 00 00 12 34 56 79 12 34 56 7A 12 34 56 7B 
2 34 56 7C 12 34 56 7D 12 34 56 7E 12 34 56 7F 


ANCOT’s SCSI instruments are power- 
ful, easier to use, and cost less. Proven 
in use worldwide, Ancot’s portable 
equipment travels from bench to field 
and back again without ever slowing 
down. They are time and labor saving 
instruments, for design, manufacturing, 
repairing, and inspection applications. 


Call today for product data sheets, 


demo disc, or to make arrangements 
for a free evaluation unit in your facility. 


42 [415] 363-0667 


fax: (415) 363-0735 


Redwood City, California 


CIRCLE NO. 51 
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PRODUCT UPDATE 


3-layer-metal, IC layout software 


increases circuit density 


Routing channels on an IC are a 
consequence of your need for places 
to run interconnect. These channels 
are space hogs that typically occupy 
over 50% of the total chip area. 
Cell3 Ensemble is a 3-layer-metal, 
IC place-and-route layout tool for 
mixed blocks and standard cells 
that, coupled with a 3-layer-metal 
fabrication process, could eliminate 
many of the routing channels. 

The software, integrated within 
the vendor’s design framework, dis- 
poses of routing channels via a gen- 
eralized cell model and an obstruc- 
tion-based routing algorithm that 
allows over-the-cell routing. You 
can, however, guide the software 
using megacells placed as hard- and 
soft-macro cells. The software also 
allows iterative improvements. 

The benefits of 3-layer-metal 
routing are significant. First, over- 
the-cell routing minimizes the rout- 
ing channels and improves circuit 
density. Second, circuit perform- 
ance improves because of the 
shorter lengths and lower capaci- 
tance seen by the interconnect. Fi- 
nally, as a result of the density im- 
provements, the number of die per 
wafer increases, thus balancing the 
increased processing cost of the 
more complex 3-layer-metal tech- 
nology. 

To minimize the risk of timing 
problems creeping into your design 
as you lay out the IC, the vendor 
offers two options to the Cell3 En- 
semble. A timing-assurance capabil- 
ity utilizes the design framework to 
integrate static timing analyzers 
and logic simulators into the layout 
exercise. This capability lets you 
specify system delay constraints for 
critical paths. The timing-assurance 
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With three layers of metal for routing—blue is metal 1, red is metal 2, and green is metal 
3—Cell3 Ensemble lets signals go over cells to their destination. 


tool also incorporates parameter ex- 
traction to accurately model circuit 
delays. 

The second option to the layout 
software is clock-tree synthesis. 
This option uses a clustering algo- 
rithm and balanced-tree routing to 
partition the clock nets. The result 
is balanced signal loading via a 
properly buffered clock that mini- 
mizes skew. 

Cell3 Ensemble and the timing- 
assurance and clock-synthesis op- 
tions are available on Apollo/HP 
3900, 4500, and 10,000 worksta- 
tions; DEC VAX 8500, 8600, 8700, 
and 8800 VMS mainframes; Inter- 
graph 200 and 300 workstations; 
IBM VM/XA mainframes; and Sun 
4 and SPARCstation workstations. 


Depending on what hardware 
you're running, licenses start at 
$100,000 for the Cell3 Ensemble. 
The timing-assurance option costs 
$36,000 and the clock-tree synthe- 
sizer costs $28,000. 
—Michael C Markowitz 
Cadence Design Systems, 555 
River Oaks Pkwy, San Jose, CA 
95134. Phone (408) 948-1234. 
Circle No. 730 
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Any guesses who's now 
pulling off this stagger- 
ing mega-double? And 
whom you should call 
a.S.a.p. for the latest 
nformation on the new 
4 MBit DRAM? Turn 
over and find out. 


PRODUCT UPDATE 


ASIC tester costs less than $1000 /pin, 
operates at 100 MHz, and can vary loads 


At less than $1000/pin, the ETS 
7000 makes ASIC testing and veri- 
fying affordable for small companies 
and engineering departments. Fur- 
thermore, this new benchtop tester 
offers features such as variable slew 
rate and programmable loads. The 
device operates at speeds as high 
as 100 MHz and, therefore, can test 
most ICs at full operating speeds. 

The ETS 7000 occupies 9 x 27 x 22 
in. on a bench and weighs 125 lbs. 
A separate control unit, actually an 
80386-based PC in a tower configu- 
ration, rests on the floor. The sys- 
tem can accommodate eight 16-pin 
test modules for a maximum con- 
figuration of 128 pins. 

The tester’s slew rate is variable 
from 0.2 to 1.5V/nsec, which simpli- 
fies testing of mixed technology de- 
vices such as BiCMOS. The vari- 
able-slew-rate capability also allows 
you to test devices fabricated with 
most old or new technologies. 

You can program the tester on a 
pin-by-pin basis; the system guar- 
antees a worst-case pin-to-pin skew 
of +500 psecs. By setting all pins 
for split-cycle I/O operation, you 
can test features such as multi- 
plexed bidirectional buses in pPs. 
You can also program loads on se- 
lected pins to completely character- 
ize a device. Both input receivers 
and output drivers offer ranges pro- 
grammable from —2 to +6.5V. Six- 
teen timing generators can be as- 
signed to pins; timing resolution is 
100 psec. 

The tester performs scan testing 
compatible with IEEE P1149.1. A 
pattern generator allows you to set 
up sequential tests. The tester can 
produce a 2-axis shmoo plot based 
on any two variables; for example, 
voltage and time. You can also cus- 
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The variable slew rates and 100-MHz test rate of the ETS 7000 allow you to test ICs 
fabricated with a variety of technologies, including mixed technologies such as BiCMOS. 
Se eee ee ee 


tomize the way the tester displays 
and highlights acquired vectors. 

A 128-pin system offers storage 
for 601k vectors/pin, and a 32-pin 
configuration will allow you to store 
as many as 1.8M vectors/pin. The 
tester automatically calibrates all 
voltages, timing, and skew parame- 
ters. You can perform automatic 
calibration with the device adapter 


. connected to the tester via a cable. 


Therefore, you can test and charac- 
terize devices in environmental 
chambers. 

The basic system costs $934/pin 
and includes the tester chassis, the 
computer/system controller, and 
IBM VGA color graphics. Field-up- 
gradeable options for the ETS 7000 
include additional 16-pin modules 


(to the maximum 128 pins), a vari- 


able-slew-rate software utility, a 


parametric measuring unit, and an 
adaptive software package for de- 
veloping C programs for custom 
testing. The tester is available now 
with delivery 60 days ARO. 
—Maury Wright 
HiiLevel Technology Inc, 31 Tech- 
nology Dr, Irvine, CA 92718. Phone 
(14). 727-2100. FAX (iL) 997 
2101. 
Circle No. 731 
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4 MDRAM 


TIMES BETTER. 


TIMES ONCE AGAIN: 


3 1 MDRAM 
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In Touch with Tomorrow 


TOSHIBA 
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TOSHIBA ELECTRONICS EUROPE GMBH, P.O. Box 222, D-4000 Diisseldort 1 


PRODUCT UPDATE 


Software package integrates analog design, 
simulation, and layout 


The heart of the Analog Workbench 
II software package is a communi- 
cations manager that provides com- 
munications between all design and 
analysis tools in the software pack- 
age as well as third-party tools. 
These simulation tools also work 
with the vendor’s schematic-cap- 
ture and layout tools. 

For device-level simulation, the 
software package uses Spice Plus, 
a modified version of Spice 3. An 
optional library provides more than 
4300 models. You can also run be- 
havioral simulations, using func- 
tional blocks from a library of more 
than 100 functions. The Function 
Block Library lets you create be- 
havioral descriptions with a graphi- 
cal, menu-driven set of mathemati- 
cal constructs. 

To speed up circuit simulation, 
the software package has a net- 
work-distributed-processing option 
that lets you run simultaneous 
Spice Plus simulations on multiple 
workstations. You can use this op- 
tion when you want to run a simula- 
tion with multiple parameter values 
such as a sensitivity check to see 
which parameter value results in 
the best circuit performance. 

When using the distributed-proc- 
essing option, each workstation 
runs a separate Spice Plus simula- 
tion. The software uses the network 
only to initialize the simulation and 
return the results, keeping the com- 
munications overhead low. The 
manufacturer claims network-dis- 
tributed processing is about 90% ef- 
ficient. For example, if you run 10 
Spice simulations simultaneously 
on 10 workstations, the operation 
would take about one-ninth the 
time it would to make all 10 runs 
on one workstation. The network- 
distributed-processing capability is 
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You can design at the behavioral, functional, or circuit level, then simulate with the 
Analog Workbench II software package. The package lets you run 10 Spice simulations 
simultaneously on 10 workstations in about one-ninth the time it would take to run all 10 
simulations on one workstation. 


also a time-saver for Monte Carlo 
analysis. 

Using behavioral simulation, you 
can make an initial simulation and 
use high-level function blocks to 
test out your system design before 
figuring out how to implement the 
simulation in a schematic. Once 
you're convinced your plan will 
work, you can replace function 
blocks with the schematic design. 
You can mix function blocks and 
Spice Plus models in the same simu- 
lation. 

Furthermore, the software pack- 
age provides a checkpoint restart 
capability that lets you stop a simu- 
lation at a predefined point and re- 
start from the same point. You can 
set checkpoints at regular intervals 
to protect against a system crash 
or accidental interruption during 
long simulation runs. 

You can also use the checkpoint 


restart to shorten simulation times 
by modifying component values and 
simulation parameters at a check- 
point and restarting the simulation. 
Restarting at a checkpoint avoids 
the need to rerun the simulation. 

The software package runs on 
Sun, DEC, HP-Apollo, and the IBM 
RT. The base price of Analog Work- 
bench II, which includes the Com- 
munications Manager, basic analy- 
sis tools, and the Spice Plus simula- 
tor, starts at $10,000. The Function 
Block Library sells for $5000. Ana- 
log Workbench II is free to partici- 
pants in Valid’s software-support 
program and for installations still 
under 90-day warranty. 

—Doug Conner 

Valid Logic Systems, 2820 Or- 
chard Pkwy, San Jose, CA 95184. 
Phone (408) 432-9400. FAX ( 408) 
432-9430. 
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In RISC, one size does not fit all. But one family of 
products does: Motorola’s. 

We give you a complete selection of ready-made RISC 
choices: from microprocessors to VMEmodules to inte- 
grated systems —all with standard software and networking 
capabilities. Plus we can tailor a solution that’s just right for 
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RISC HYPERmodules” A 
natives to RISC chip-lev 
designs, with instant sca 
ability from 17 to 60+ M 
Plug-in daughter-cards 2 
to a motherboard, with c 
to four MC88100 RISC 
cessors. Integrates up to 
KB of Cache/MMU for ti 
coupled multi-processin 


RISC VMEmodule” (MVM 
Intended for VME syste 
designers building powe 
RISC-based machines fo! 
UNIX or real-time contr: 
applications. Integrates a 
MC88100 RISC processo 
with two MC88200 Cact 
MMuUs, 8 MB ofshared DI] 


RISC Entry-Level Compui 
System (Delta Series” Mod 
8408). Fully integrated hi 
performance multi-user F 
system for technical, com 
mercial and networking 

applications. Incorporate: 
MVMEI81 RISC VMEmox 
with up to 40 MB of main 


RISC Mid-Range Compute 
System (Delta Series Mode 
8608). Very high-performa 
multi-user RISC system fo 
advanced file server and d: 
base applications. Include: 
features of the Model 8408 
and adds up to four SCSI h 
drives, in a 12-slot VME 


your system build through Application-Specific Computing” 
With Motorola, you're protected from future changes 
in software fashions, too. Our multi-user and real-time 88000 
software supports industry-wide compatibility standards, 
including BCS. That means you have a whole catalog of 
“shrink-wrapped” software to choose from. So while youre 
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| and a full 32-bit VMEbus RISC Multiprocessing dual or quad processors. 
interface. Performance rated VMEmodules (MVMEI88). Memory scalable from 16 to 
at up to 2] MIPS. Family of highly integrated 64 MB of shared DRAM, 
RISC processors and memory, tightly coupled to cache 
both scalable. Intended for through a high-speed memory 
VME system designers with bus. Performance rated at 
large multi-user and real-time 17 to 60+ MIPS. 


applications. Incorporates 
HYPERmodules with single, 


memory, up to 98 RS-232C 
ports, one or two SCSI hard 
drives, 150 MB streaming tape, 
in a 6-slot VME enclosure. 
Performance rated at 17 MIPS. 


i 


enclosure. Performance rated 
at 17 MIPS. 


Le 


RISC Multiprocessing Com- Incorporates an MVME188 
puter System (Delta Series RISC Multiprocessing 
Model 8864). Extremely high- VMEmodule, with scalable 


processor and memory fea- 
tures. Includes one to four 
SCSI hard drives and 150 MB 
streaming tape in a 20-slot 
VME enclosure. Performance 
rated at 17 to 60+ MIPS. 


performance multi-user RISC 
system for high-end database 
and transaction-oriented 
applications requiring giga- 
bytes of storage and con- 
necting over 500 users. 


UNIX“ and Real-Time Soft- 
ware. Features Motorola’s 
version of UNIX System V, 
which is compliant with 


industry standards such as 
BCS, SVID and POSIX. Exten- 


sive RISC software being 
made available, including 


programming languages from 


Ada to Pascal, development 
tools such as Motorola’s 
VMEexec" real-time develop- 
ment environment, standard 
local and wide area networks 
like TCP/IP, NFS and OSI, and 
ORACLE and INFORMIX 
database management 
systems. 


HYPERmodule, Delta Series, VMEexec and Application-Specific Computing are 
trademarks of Motorola, Inc. UNIX is a registered trademark of AT&T. ORACLE is a 
registered trademark of Oracle Corp. INFORMIX is a registered trademark of 
Informix Software, Inc. 


upgrading your product line, new soitware investments 


aren't dragging down your bottom line. 


To find out about ready-to-wear RISC, call 1-800- 
556-1234, Ext. 2301; in California, 1-800-441-2345, Ext. 


MOTOROLA 


Computer Group 


2301. Or write: Motorola Computer Group, 2900 South 
Diablo Way, DW283, Tempe, AZ 85282. And try us on for size. 
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Multi Roles. One actor, many faces.. 


oe (erm, 
a0) 2S oo 4 


.... SUPPLY THEY’RE PROGRAMMABLE 


THEY’LL ACCEPT 
STABILIZED VOLTAGE 0.005% current stabilizer IN VOLTAGE MODE. IN CURRENT MODE. FEEDBACK. 
0.001% voltage stabilizer A voltage stabilizer controlled A current stabilizer controlled A magnetic field stabilizer 
by a 0-10V d-c signal by a high impedance source controlled by a Hall-effect senso 


The actor/model is Jan Leighton, 
whose face has been pho- 
tographed as everyone from Pat- 
ton to MacArthur to Lincoln. One 
face, many roles. More than 3,372 
historical notables according to 
his fact sheet! 


The power supply is Kepco’s ATE. 
While it cannot claim quite so 
many roles as Jan Leighton, its 
flexibility will delight you. ATE 
power supplies are comfortable in 
roles as voltage sources, current 
Stabilizers, power amplifiers, 
GPIB listeners and MATE-verified 
talker-listeners. 


ATE are comfortable on your 
bench, in your systems or in- 
Stalled in your test rack ... you can 
control them with analog signals 
or digital. You can use their inte- 
gral uncommitted op amps to 
Model ATE 325-0.8M scale, sum, integrate or multiply a 
variety of signal stimuli in servo 
roles. A versatile piece of test 
equipment indeed. 


Co eo . 
LL 


=5 Post 


DOTEN- 


THEY’LL FUNCTION OR CONTROL A MACHINE. ATE CAN SUM ... BE DRIVEN BY 

AS AN AMPLIFIER... A servo amplifier to drive INPUT CONTROL SIGNALS AN ANALOG FUNCTION THE DIGITAL WORLD 

A self-powered oversized a positioning motor A current stabilizer controlled A voltage stabilizer controlled A voltage stabilizer controlled 
op-amp by the difference between by a signal generator by a passive resistance 


ATE are made in 5 power ranges, 
50 to 1000W (voltage ranges 0-6V 
to 0-325V) to afford: 


0 High stability (less than 
0.0005% source effect, 
0.001% load effect). 

0 Very low ripple and noise 
(0.1mV rms, imV pp). 

ZC Rapid recovery (<50psec). 

Most important ... ATE’s linear de- 

sign supports a fast-programming 


Like Jan Leighton, Kepco’s 41 different ATE 


We'd like to tell you more. Please write or ca 


For your free copy of Kepco's new 120-page Linear Power Supply Catalog (#146-1678), call/fax/write to Dept. LLT-12, / 
Kepco, Inc., 131-38 Sanford Avenue, Flushing, NY 11352 USA « (718) 461-7000 * FAX (718) 767-1102 « Easylink (TWX): 710-582-2631 al. d 


models are capable of many roles, limited mainly by your imagination. a 
ll and request Kepco’s new 1990 edition Catalog and Handbook (146-1678). sem 


TON | 


OR INTERFACE TO 


two signals decade box 


mode which — for your control 
signals — allows a wide band- 
width response ... 16KHz in our 
0-6V, 100 Ampere model, allowing 

roles ordinary power supplies , 
cannot imagine. 


OU Fast Recovery current 
stabilizer 


C0 Wide band power amplifier 


C1 Rapid response to sequenced 
programs 


SEE US AT 
ELECTRO/90 
KEPCO 
BOOTH 
3406, 3408. 


ATE’s unique user port allows you access to the principal 
control points. A simple 3-step procedure allows you to config- 
ure your ATE for whatever role you require. 


By appropriate wiring of the mating plug, your ATE easily 
assumes a variety of roles: voltage/current controller, resist- 
ance programmed, voltage programmed, digitally pro- 
grammed, power amplifier, servo amplifier, integrator. 


» KEPCO. 
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_ No matter what you 
high performance logic 


Marker Position  - Te 


intuitive performance of a mouse with no 
mouse mess on your bench. 


™ Gavefora Dizplay of st Memory Page 
Career C Resolution 20 ne 
Narker Position € - 14 
Distance CH 
Pattern of "Group ® at ¢ = 


Even the most elusive _, 


uses at a glance. 


Advanced 
nal recording © 


All the channels 
you ll need at 
100 MHz are in a patented, 
one mainframe. proprietary, 


Configure them a _._«. custom ASIC for 

up to 4 independe : Logic Analyzer 

logic analyzers triggering, 

and disassemble instantaneously 
links unrelated — 
events. 


MetaTrigger,™ 


microprocessors, with the 
architecture to support up to 
50 MHz performance. 


ur exclusive 
itional Recording 
2» Sreatly extends the 
of the recording window 
seconds to seconds— 
fice in resolution. 


OnS resolution. 


Kontron’s high performance logic analyzers give you every 
power feature on your list, including some you didn’t know 
you could get. And some you can’t get anywhere else. 


extraordinary new PLA/2 and KLA/2 hig es 
logic analyzers, including your choice of portable, Tock 


Like 96 channel width in a machine that also mount and desktop configurations. 
delivers 500 pS resolution. Advanced disassembly and interested in performance? Call 800-227-8834 
transitional timing. Sophisticated trigger control and now. We'll express you the specs. No matter where 
timing correlation for unrelated events, all managed else you've looked so far, we Ef, KONTRON 
with the simplicity of our exclusive Rotary Mouse. promise you'll be impressed. Ef ELECTRONICS 


KONTRON ELECTRONICS, 244 Sobrante Way, Sunnyvale, CA 94086, Telephone (800) 227-8834 Kontron Technical Centers Boston (508) 921-4700, Baltimore (301) 792-4987, San Jose (408) 733-0272 
EDN March 29, 1990 CIRCLE NO. 56 93 


DSP 96002 | 
| | 


/ }/How They 
ae a Run! 


Intermetrics’ C cross development tools will help you clear the hurdles, 
so you can create a fully integrated environment that can deliver fast, 
efficient code for any host-target configuration you choose. 


The Intermetrics state-of-the-art cross compilers, assemblers and 

30 utilities are built to work together as a team. Whether you're using 

68000/ 010/ Be0y 0 a Sun, Apollo, DEC, HP or IBM system, targeted to run on a 680x0, 
68332 80x86, V Series, DSP96002, or Am29000 microprocessor, we are the 

single vendor that can help you get your development project across the 

finish line! 


Our Source Level Debugger, XDB, works like a champion with our new 
low cost ROM Monitor, and with our new hardware simulation board, 
as well as with most in-circuit emulators. 


Our technical support department will help you keep your development 
Said environment up and running by providing toll-free telephone assistance, 


free software updates and reduced rates for new releases. 


Intermetrics’ C cross development tools are the top tools in their class— 
call us to see how they run! | 


1-800-356-3594 


In Massachusetts or Canada call (617) 661-0072 


Intermetrics, Inc. » 733Concord Avenue « Cambridge, Massachusetts 02138-1002 
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Tough Logic Analyzer 
tackles new technologies 


The CLAS 4000 Logic Analysis 
System tackles tough tasks. 


Being a digital design engineer is 
TOUGH. You wrestle with new 
technological challenges: 


- Increasing use of 32 bit RISC and 
CISC microprocessors. 


¢ ASICs with greater than 100,000 
gates and built in microprocessors. 


¢ Clock rates that today exceed 33 MHz 
and are predicted to hit 50 MHz short 


° Intricate hardware and software 
interactions. 


Heavyweight specifications for 
your tough applications. 
The Biomation CLAS 4000 is a high 
performance Logic Analyzer that 
makes the tough measurements. 
¢ Full speed state analysis to 50 MHz. 
High resolution timing analysis to 5nS. 
Full speed triggering on 16 levels. 
Up to 384 channels. 
Intuitive Man Machine Interface. 


Support for the latest chips from 
Motorola (68020, 68030, 88100), 
Intel (80386), AMD (29000), 
Cypress (SPARC), LSI Logic 
and others. 


Check out our tough specs. Call 
Biomation at 1-800-538-9320 or 

write us at 19050 Pruneridge Avenue, 
Cupertino, CA 95014. 


BIOMATION 


Circle 90 for literature 


Circle 91 for demonstration 
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Paprnpilers oe 
eal-time software 


Tf youve developing software for real-time systems, your 
C compiler should provide good interrupt-handling facili- 


ties, fast context switching, a clean assembly-language 
interface, selectable optimizations, and it should be able 
to handle a fragmented memory map. 


Chris Terry, Associate Editor 
or years, it’s been an engi- 
neering axiom that compil- 


} ers cant generate code 
that’s fast enough for real-time sys- 
tems—assembly language is the 
only way to go. That viewpoint was 
once justifiable, but advances in op- 
timization techniques and the in- 
creasing complexity of real-time 
systems are turning the axiom into 
a myth. The process is slow be- 
cause, although the C technology is 
in place, it’s not easy to convince 
an experienced assembly-language 
programmer that he should aban- 
don his tried-and-true techniques in 
favor of a new language. 
“Real-time” is a term that was 
once restricted to clock/calendar 
mechanisms. It distinguished the 
tracking and reporting of real-world 
dates and times from the measure- 
ment of accumulated CPU time 
(which formed the basis on which 
to charge a customer). N owadays, 
the term refers to computer sys- 
tems whose primary function is to 


interact with external sensors and — 


control mechanisms in performing 


tasks that are interdependent and 
have stringent time constraints. 
This definition is still fuzzy, how- 
ever, because every computer sys- 
tem executes certain tasks that 
have such constraints. For exam- 
ple, you wouldn’t describe a per- 
sonal computer as a “real-time sys- 
tem” on the grounds that it has se- 
rial data ports and must read thes 
in timely fashion or lose data. A 
may perform some real-time t 
but it’s basically a general-z 
machine that processes « 
tained in its own files. 
“Real time” is an er 


interacts with dozens of sensors and 
controls, or in a training simulator 
that receives data from the pilot’s 
flight controls and must immedi- 
atel} 
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Browse 


Debug Status 


fo GBridi6sit+) 


{ 


} 


sf out ( ae a? ) : 
for (i=@;i<16; i++) 


{ 


hdump Line: #197 


The DB386 source-level debugger from Intel lets you browse through particular types of variables and see the associated assembly-language 


code. 


that will execute quickly is choosing 
the best algorithms and then select- 
ing coding techniques that eliminate 
unnecessary operations (Refs 1, 2). 
Most compilers perform some de- 
gree of optimization that will result 
in speedier execution. The two 
kinds of optimizations are global op- 
timizations, which are essentially 
machine independent; and architec- 
ture-specific optimizations, which 
take maximum advantage of a CPU 
chip’s hardware features. For real- 
time software design, you'll want a 
compiler that lets you turn the op- 


EDN March 29, 1990 


timizations on or off, because some 
techniques may make assumptions 
that aren’t valid in your system. 
The most common global optimi- 
zations are common-subexpression 
elimination, constant unfolding, re- 
moval of dead code, loop unrolling, 
and strength reduction. Common- 
subexpression elimination aims at 
evaluating an expression only once, 
as long as the parameters don’t 
change between uses of the expres- 
sion. A typical example would be 


afi] = 1+ G « k) 


occurring within one or more loops, 
when (j * k) can be computed out- 
side the loop—or even outside the 
function. 

Removal of dead code (code that 
never gets executed) reduces pro- 
gram size. You might think that a 
well-designed program would have 
no dead code; however, revisions to 
the code, or even the rearrange- 
ments produced by optimizations, 
can sometimes result in dead code 
that is difficult to detect using man- 
ual methods. 

Loop unrolling consists of replac- 
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ing a loop by repetitions of in-line 
code; the in-line code executes much 
faster than the loop but is usually 
much larger. For that reason, cer- 
tain compilers (such as the Intel C- 
386/1486) that are aimed at embed- 
ded systems don’t use loop unrolling 
at all. 

Strength reduction is a technique 
that’s specific to C code; it consists 
of replacing certain types of multi- 
plicative address computations with 
pointers to the required elements. 
The compiler will easily identify 
computations that multiply or di- 
vide by a power of two and generate 
the appropriate left or right SHIFT 
instruction instead of a MULT or 
DIV instruction. 

Understandably, designers of 
real-time systems tend to be wary 
of automatic optimizations of these 
kinds, especially because the result- 
ing assembly-language output is 
very difficult to unscramble. A 
source-level debugger is a neces- 
sity—not a luxury—for optimized 
code; some engineers believe that 
if you simplify matters by debug- 
ging unoptimized code, there’s no 
guarantee that your code will re- 
main bug free after optimization, 
especially if timing margins are 
very narrow. 


ANSI conformance can help 


Some of the older optimizing com- 
pilers can detect multiple reads 
(without-intervening writes) at the 
Same memory address and, assum- 
ing that the contents of that location 
have not changed, they eliminate all 
reads but the last one. This trick 
can cause havoc if the address cor- 
responds to a memory-mapped I/O 
device. Fortunately, if your com- 
piler conforms to the ANSI draft 
specification of C, you can specify 
the data as type volatile. Then, 
even if your compiler performs this 
kind of optimization, it won’t try to 
eliminate multiple reads from a 
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Features of ANSI C, 
such as the const and 

le data types, allow 
C to meet real-time 


requirements. 


memory-mapped peripheral. You 
should be aware, however, that be- 
cause of the widely varying needs 
of developers, the ANSI committee 
didn’t specify the precise behavior 
of the const and volatile data types. 
The implementation of these data 
types is left to the compiler vendor, 
who should document their behav- 
ior in sufficient detail for you to use 
them with confidence. 

Several other ANSI extensions of 
the language, such as function pro- 
totypes, make the language more 
amenable to the needs of the de- 
signers of real-time systems. Al- 
most all of the compilers that have 
appeared in the last year or two 
provide the ANSI extensions. 


wP-specific optimizations 
Because every compiler or cross- 
compiler serves a specific wP chip, 
it must have information about how 
the instructions of that chip oper- 
ate. Thus, because the Motorola 
680x0 family has many registers, a 
C compiler targeted for those chips 
will use as many register variables 
as possible. The allocation of vari- 
ables to registers is also essential 
for the AM29000 and other RISC 
processors. Likewise, the 680x0 
family has addressing modes that 
simplify access to subscripted ar- 
rays, and the optimizing features of 
the Intermetrics compilers take full 


advantage of these modes. These 


compilers are part of the Intertools 
tool sets, which run on a wide vari- 
ety of host computers and target 
most common microprocessors and 
single-chip microcontrollers. For a 


PC host, prices for the cross-com- 
piler start at $1000 (or $1800 includ- 
ing the cross-assembler); for Sun or 
Apollo workstations, the cross-com- — 
piler costs $2500. 

Microtec Research is another 
company that offers ANSI C cross- 
compilers for the 680x0 family, as 
well as its cross-assembler and the 
Xray debugger. These tools run on 
PCs, Sun and Apollo workstations, 
and Vax computers. Prices for a C 
development system start at $2800. 
The compiler performs both global 
and architecture-specifiec optimiza- 
tions. You can turn optimization on 
or off and optimize the code for 
either maximum speed or minimum 
space. , 

Introl Corp offers C cross-compil- 
ers and debuggers targeted for the 
National Semiconductor 32000 Ps 
as well as for the Motorola 680x and 
680x0 families. Macintosh-hosted 
versions cost $2000 for the cross- 
compiler and $1000 for the debug- 
ger; versions are available for host 
computers ranging from the IBM 
PCs through Sun and Apollo work- 
stations to the HP9000 and DEC 
Vax Series; prices depend on the 
host. 

A recent trend seems to be for 
vendors of real-time kernels and de- 
velopment tools to bundle C compil- 
ers from companies that specialize 
in compilers. Ready Systems, for 
example, includes the Green Hills 
cross-compiler from Oasys (Wal- 
tham, MA) in the VRTX Velocity 
development system for 680x0 sys- 
tems. Versions are available for 
Force Computers’ CPU-30 VME 
board and the TSVME-133 board 
from Themis Computers, both of 
which are based on the 68030. 
Prices for VRTX Velocity start at 
$19,970. 

A similar relationship exists be- 
tween BSO Inc (Boston Systems Of- 
fice) and Tasking BV of the Nether- 
lands, which have formed an alli- 
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ance and are now supplying a series 
of BSO/Tasking cross-compilers 
that run on DECstation 2100 and 
3100 RISC-based workstations. 
The initial offerings consist of both 
PL/M and C cross-compilers for the 
8051 microcontroller, and C cross- 
compilers for Motorola’s 68000 and 
68020 pPs and Intel’s 8096 and 
80196 microcontrollers. Prices start 
at $4500 for the DECstation 2100 
host. BSO also offers an extensive 
range of its own cross-development 
tools for DEC hosts. 


Using C for DSP software 


In the DSP world, new hardware 
features are appearing. For exam- 
ple, the Motorola DSP96002 chip 
has two memory spaces, designated 
X and Y, and hardware that elimi- 
nates much of the overhead associ- 
ated with software loops. The op- 
timizer of the Intermetrics compiler 
makes extensive use of the loop 
hardware, and by rearranging the 
code and coalescing instructions, 
the optimizer can make the CPU 
access the X and Y memories simul- 
taneously instead of sequentially. 

In its 2100 fixed-point DSP chip, 
Analog Devices includes architec- 
tural features that make it easier 
to optimize programs written in C, 
and the company offers an optimiz- 
ing compiler to support the chip. 
Prices start at $1500 for a PC- 
hosted version. 

Texas Instruments also offers 
both an optimizing ANSI C com- 
piler and a source-level debugger 
for its 320C30 DSP chip. The op- 
timizations include register vari- 
ables, parallel instructions, delayed 
branches, jump optimization, and 
loop rotation. Compiler prices start 
at $2500 for the PC and Macintosh 
versions. 

Intel’s C-386/486 compiler has 
features that can eliminate much of 
the overhead in real-time systems. 
For example, compiler directives 
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The Xray source-level debugger from Microtec Research shows you both C source code and 
the resulting 680x0 assembly language. 


can give you good control of bit 
fields and let you include in-line as- 
sembly-language code. Other direc- 
tives give you control of segmenta- 
tion and let you build subsystems 
that may consist of several code 
modules. A system of “near” and 
“far” references lets you work eas- 
ily with these subsystems. Nor- 
mally, you’d use near references for 
calls to functions within the same 
subsystem and far references for 
calls to functions in other subsys- 
tems or at a different level of pro- 
tection. 

Many single-chip microcontrol- 
lers also have architectural features 
that require special handling by the 
compiler. For example, the 8048 
and 8051 both have separate ad- 
dress spaces for code and data, and 
the stack space is extremely lim- 
ited. 

When you're designing a system 
that will interact with multiple, 
asynchronous I/O devices, good 


_interrupt-management facilities are 


a necessity. Even though the C lan- 
guage gives you access to many of 
the low-level features of the CPU, 
the original Kernighan and Ritchie 
specification contained no built-in 
facilities for interrupt management. 

Some modern C compilers, espe- 
cially those designed for systems 
based on Motorola 680x0 or Intel 
80x86 CPUs, have remedied this 
deficiency. For example, the Intel 
C-386/i486 compiler has an inter- 
rupt directive that defines a func- 
tion as an interrupt function and 
makes it much easier to prioritize 
interrupts and to handle nested in- 
terrupts smoothly. 


Essential library characteristics 


For effective real-time design, 
the functions included in the run- 
time library must be both ROMable 
and re-entrant. You should also 
have full source code for the run- 
time routines—or at least for those 
you expect to use—because you 
may need to tweak them to resolve 
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PICO 


ULTRA-MINIATURE 


C-DC 
Converters 


Low Profile 0" X.9"X.3" At. 


Actual 
size 


PICO’s high reliability DC-DC 
Converters are produced in an 
ultra-miniature encapsulated 
package (.5”.5”x.3” ht.). 

Over 80 different models opera- 
ting over the temperature range 
of —25°C to + 70°C ambient 
without derating. 

® 76 new high voltage models 
100-250 volt output 

e Up to 1.25 watt output at 
—25°C to +70°C ambient 

e Ultra-miniature size (0.3" Height) 


e 5 input eo ranges 5, 12, 24, 28 
and 48V DC 


e 28V Input/Output now standard 
e Input/output isolation 

100 megohm @ 500V DC 
Single and dual output 

No heat sink required 


OPTIONS AVAILABLE 
e Expanded operating temp 
(—55°C to +85°C ambient) 
e Stabilization Bake (125°C ambient) 
e Temperature Cycle (—55°C to +125°C) 


e Hi Temp, full power burn in 
(100% power, 125°C case temp) 


Over 500 miniature low profile 
standard models deliver 
up to 20 watts power. 


PICO also manufactures over 2500 
standard ultra-miniature transformers 
& inductors. ff 


Delivery— 
stock to 
one week 


Electronics, Inc. 


453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 


Call Toll Free 800-431-1064 
INNEW YORK CALL 914-699-5514 
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timing conflicts. Further, because 
your target system will probably 
run under a kernel rather than un- 
der a full operating system, make 
sure that the kernel documentation 
includes templates in source code 
for the startup routines and de- 
tailed instructions on how to use 


May 25, 1989, pg 177. 

Zs Gilmour, Peter S, “Tailor your code 
for limited memory space,” EDN, June 
8, 1989, pg 165. 

oO. Silverthorn, Lee, “Rate-monotonic 
scheduling ensures tasks meet dead- 
lines,” EDN, October 26, 1989, pg 190. 
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Those endless compile-time coffee breaks are a thing 
ofthepast. 

Compiles Faster 

The Sierra C™ compiler gets your code into your target 
system 10 to 20 times faster than other high performance 
compiler packages. The dhrystone benchmark, on a 16 MHz 


PC AT® host, compiles, assembles, links and downloads to 
a 68020 target in less than 4 seconds. 


Generates Better Code — 

Sierra C has resolved the paradox of fast compiles and 
optimized code. While compiling at blazing speeds, Sierra C 
generates faster and tighter code than any other optimizing 
compiler on the market today. 


Complete Development Toolset 


Sierra C is more than fast—it’s complete. It includes all the 
tools you need for cross-development, built to perform with 
unsurpassed efficiency. Along with Sierra C’s optimizing 

- compiler, macro assembler, and linker/locater, you get a 
librarian, symbol table examination utilities, a high speed 
parallel download system and a multi-window source level 
debugger. Complementing the toolset is an extensive C 
runtime library supplied in both source and object form. 


Designed for Embedded Systems 


Sierra C conforms to the proposed ANSI C standard, sup- 
porting function prototypes and the important keywords 
const and volatile. Position independent, re-entrant, and 
ROMable code can be generated. Code can be optionally 
grouped into as many as 126 independently positionable 
sections. Assembly language can be inserted into your 

C program through the asm keyword extension. And the 
download utilities allow executable modules to be trans- 
ferred directly into the target system or into a PROM 
programmer with optional even/odd/quad byte selection. 
The Sierra C toolset supports all members of the 68000 
family including the new 68332. Sierra C is available now 
for PC AT and PS/2™ computers, DEC VAX® systems, 
Sun™ Workstations and other UNIX™ systems. 


With Sierra C you get better products out faster. Call 
today for more information at 800°776* 4888 


SierraSystems 


6728 Evergreen Ave., Oakland, CA 94611 (415) 339-8200 


sf Sierra Systems. PC AT and PS/2 are trademarks of International Business Machines Corp. DEC and VAX are registered trademarks of Digital Equipment Corp. Sunisa trademark of Sun Microsystems. UNIX is a trademark of AT &T. 
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Introducing AvCase" 8051. 


» 


Three finely-tuned instruments for 
embedded-system development. 


AvCase™ 8051 C Compiler, Assembler, and Simulator from Avocet. Play them solo, for peak performance. Or bring them together in 


+7 


perfect harmony as an integrated system. AvCase will manage all the steps—from editing source code, compiling, 


assembling, and linking, all the way to debugging. ™ High-level language in the key of C. AvCase C 
Compiler is our biggest seller. It produces fast, tight, optimized code that helps speed development time. 


= Clear, concise scoring. AvCase Assembler is the classic Avocet assembler tuned-up and ready for 


your most demanding applications. # Full dress rehearsal without leaving your desk. 


AvCase Simulator lets you test code on your own PC. With the new source-level 


debugging feature you can work at both the C and assembly language level. © Let the music 


begin. If you want to meet your project deadlines—come in on budget—and develop a high-quality, 


bug-free product—you simply can’t do better than AvCase. Find out more about these finely- 
tuned instruments. Fax, write, or call toll-free 1-800-448-8500 for complete information, including a 


free AvCase Brochure and Avocet Catalog. 


AVOCET 


: SYSTEMS? INC. 


Avocet Systems, Inc., 120 Union St., RO. Box 490, Rockport, Maine 04856. Telephone 1-800-448-8500/in Maine, or outside the U.S. call 207-236-9055/FAX 207-236-6713. TLX 467210 Avocet Cl. 
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NOW YOU CAN BUILD 
A MORE POWERFUL LAPTOP _ 
WITHOUT CREATING A MONSTER. 


Our laptop Systems Solutions let you pack in a lot more computer without packing in a giant power supply. — 
From Chips, you get systems logic, graphics display controllers, communication controllers and BIOS in — 
a tightly coupled solution with an incredibly modest appetite. =" Advanced power management features like 
programmable power-off for the backlight and communication ports, SMARTSLEEP,” standby and | 
modem wake-up slash power requirements by as much as half. ** Even the sophisticated graphics display 
controller automatically powers down to different levels as needed. You can get up to 64 flicker-free, 
undistorted shades of grey or color, SMARTMAPd,” in exactly the size and shape you want. =" Give us 
a call. Our CHIPSets, BIOS and design services could help you make your next laptop or notebook a killer. 
Without turning it into a monster. 1-800-323-4477. FAX (408) 434-0412. 


CHiFS © 


The SemiComputer Systems Company™ 
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The Ultimate 


Terminate difficult debug problems fast. And do 
it remotely. From your Ethernet*based workstation 
you're now in total control with the new 386 
SmartProbe™ from CADRE. 

Think of it. Your favorite Sun™ or VAX™ software 
development environment now controls your 386 
hardware environment. Develop programs on your 
Sun or VAX. Download via Ethernet to the 386 
SmartProbe. Execute in real-time and start 
eliminating problems fast. And the best part is, 
you control the entire process without ever leaving 
your desk. 

You'll call the 386 SmartProbe the ultimate 
386 development tool because we've included all of 


* Ada is a registered trademark of the Dept. of Defense. 
* Ethernet is a trademark of Xerox Corporation. 
© Copyright 1990 CADRE Technologies 


* SmartProbe is a trademark of CADRE Technologies, Inc. 
* Sun is a trademark of Sun Microsystems. 
* VAX is a trademark of Digital Equipment Corporation. 


386 Debugger: 


the high performance features you need for rapid 
hardware/software integration and test. 

386 SmartProbe includes comprehensive hard- 
ware and software breakpoints, source-level debug 
capability for C and ADA? sophisticated single 
stepping facilities and, of course, full-speed trans- 
parent emulation to 25 MHz. It even supports the 
development of protected mode programs. 

So get the ultimate 386 debugger. The one 
designed to work with your favorite tool: your 
workstation. Call 1-800-283-5933 for more 
information about 386 SmartProbe and other 
CADRE Unified CASE products. 


SARATOGA DIVISION 


Saratoga Office Center 
12950 Saratoga Avenue 
Saratoga, CA 95070 
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devices that provide flexible information storage and 
easy data interchange among PCs. We frequently 
crossed the thin line between the leading and the 
bleeding edges of data-storage technology as we tested 
various storage devices, host adapters, and 
peripheral controllers. What we learned applies_ 
to all types of computer systems, 
not just PCs. 


 BM’s original Model 5151 PC provided data stor- 
© age on single-sided, 160k-byte floppy disks and 
on audio cassette tapes. The floppy-disk-drive 
capacity was mediocre, even by early 1980s stan- 
dards, and the 200 bytes/sec audio-cassette inter- 
face was a joke. Fortunately, mass-storage capacity 
on PCs has come a long way since those humble 
beginnings. Floppy disks now hold megabytes of 7 
data, PC-compatible hard disks store hundreds and ~~ 
even thousands of megabytes, and tape drives // / 
store gigabytes. 

EDN’s All-Star PC incorporates eight mass- 
storage peripheral devices managed by three con- 
troller or host-adapter cards (Fig 1). Each of 
these three mass-storage subsystems— 
floppy disk, SCSI, and WORM (write- 
onee, read-many) optical drive—has 
unique capabilities. The floppy-disk sub- 
system supports four floppy-disk drives, 
which furnish convenient, removable 
data storage and permit standardized 
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STEVEN H LEIBSON, 
Senior Regional Editor 


data interchange with other PCs. 
The SCSI subsystem controls two 
330M-byte hard disks for the com- 
puter’s primary data-storage needs 
and a 2.5G-byte tape unit for archi- 
val and backup storage (Fig 2). Fi- 
nally, the PC’s optical WORM drive 
provides indelible file storage on 
1G-byte cartridges. 

Floppy-disk drives are the one 
common element in every PC’s 
mass-storage repertoire. IBM’s 
floppy formats swept away the mi- 
crocomputer industry’s hundreds of 
5’4-in. floppy-disk formats devel- 
oped for the CP/M operating sys- 
tem. However, even IBM’s 160k- 
byte disk format didn’t last long. 
Microsoft’s DOS 1.1 introduced a 
320k-byte, double-sided format. 
DOS 2.0 added _ hierarchical file 
_ structures to the disk, bumped the 
single-sided floppy-disk capacity to 
180k bytes, and increased the dou- 
ble-sided format’s capacity to 360k 
bytes. The 360k-byte format’s rapid 
proliferation consigned the earlier 
PC floppy formats to oblivion. 

The next major change in PC 
floppy-disk formats occurred when 
IBM introduced its PC/AT with 
1.2M-byte, “high-density,” 5%-in. 
floppy-disk drives. Then came 314- 
in. floppy-disk drives that stored 
720k bytes, followed by the intro- 
duction of IBM’s PS/2 computers 
and 1.44M-byte, 3%-in. drives. 
Over a 9-year span, the PC, which 
had unified the industry’s floppy- 
disk formats, evolved its own collec- 
tion of incompatible formats. 

The All-Star PC needed to ac- 
commodate these various floppy 
formats for maximum compatibility 
with other PCs. It needed at least 
two floppy-disk drives: a 5%-in., 
1.2M-byte drive and a 3%-in,, 
1.44M-byte drive. However, with 
only one 5%-in. and one 3'4-in. 
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floppy-disk drive, the All-Star PC 
would not be able to duplicate 
floppy disks directly; it would have 
to temporarily store the informa- 
tion being copied on a hard disk 
while the source and destination 
disks were swapped in the floppy- 
disk drive. Because of an idiosyn- 
cratic aversion to 2-step floppy du- 
plication, I decided early on that the 
All-Star PC would incorporate four 
floppy-disk drives: two 5'4-in. and 
two 3’4-in. drives. 

Meeting that 4-drive requirement 


Seven mass-storage peripherals cram the All- 
Star PC’s 10 half-height drive bays. From top 
to bottom, the peripherals include a 2.5G-byte 
tape drive, two 5.25-in. and two 3.5-in. floppy- 
disk drives, and two 330M-byte hard-disk 
drives. 


was tough because most PC floppy- 
disk controllers manage only two 
floppy-disk drives. The All-Star PC 
would require a floppy-disk control- 
ler card that could manage four 
floppy-disk drives and support the 
PC’s floppy-disk formats. The Com- 
paticard IV from MicroSolutions 
Computer Products met these re- 
quirements. 

Table 1 lists the PC floppy-disk 
formats that the Compaticard IV 
supports. The Compaticard IV, 
along with one 5/4-in. high-capacity 
drive and one 3/4-in. high-capacity 
drive, can read any standard PC 
floppy-disk format. The Compati- 
card IV also supports other types 
of floppy-disk drives, such as the 
now archaic 8-in. units, and can 
store 2.8M bytes on certain 3'4-in. 
drives that accept a new type of 
floppy disk based on barium-ferrite 
media. The All-Star PC incorpo- 
rates a 2.8M-byte floppy drive—an 
FD-235J from Teac America Inc. 
This drive can read and write stan- 
dard 720k- and 1.44M-byte PC disks 
and can also use _ barium-ferrite 
disks. The All-Star PC incorporates 
three other floppy-disk drives from 
Teac—two FD-55GFR 5'/-in., high- 
density drives and one FD-235HF 
3’2-in. drive. Thus, the All-Star 
PC’s full complement of drives in- 
cludes two 5'%-in. and two 3'-in. 
units. 


Twisted cables make it tough 


Two factors in IBM’s floppy-disk- 
subsystem design complicated ef- 
forts to put four floppy-disk drives 
in the All-Star PC. The first is a 
very peculiar floppy-disk-drive ca- 
ble for the PC. The cable includes 
a twist that interchanges the drive- 
select and motor-enable signal lines 
between the cable’s two drive con- 
nectors. This cute scheme simplifies 
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system configuration by allowing 
you to set all of the floppy-disk- 
drive select jumpers to address 1, 
but it negates the original floppy- 
disk-drive cable’s ability to address 
four drives. Fig 3 illustrates how 
the Compaticard IV circumvents 
IBM’s eccentric floppy-disk-drive 
cable limitations by splitting the 
four drives under its control into 
two pairs. Each pair of floppy-disk 
drives connects to the controller 
with a separate floppy-disk-drive 
cable. 

However, solving the hardware 
limitations of IBM’s floppy-disk- 
subsystem design doesn’t fix the 
second problem—BIOS (basic I/O 
system) limitations. Most PC 
mother-board BIOS ROMs control 
only two floppy-disk drives. Al- 
though the Compaticard IV man- 
ages as many as four floppy-disk 
drives, IBM’s original PC/AT com- 
puter did not. Consequently, com- 
puters and BIOS ROMs patterned 
after the PC/AT support only two 
floppy-disk drives. MicroSolutions 
skirted this problem by incorporat- 
ing a floppy BIOS ROM on the 


Fig 1—Three subsystems provide the All-Star PC’s mass-storage capabilities: a floppy subsystem, 
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Compaticard IV and supplying a 
loadable device driver for the extra 
two drives. The device driver adds 
the extra floppy-disk drives onto 
the end of the existing drive-desig- 
nator chain. Thus, if your system 
has four floppy-disk drives and two 
hard drives, the first two floppy 
designators are A and B, the hard- 
drive designators are C and D, and 
the third and fourth floppy designa- 
tors are E and F. This scheme 
works for most PCs, but can cause 
problems for systems that use enor- 
mous hard-disk drives and older 
versions of DOS. 


a SCSI subsystem, and a WORM (write-once, read-many) optical-disk subsystem. 
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This is not merely a hypothetical 
problem. The All-Star PC includes 
a pair of enormous hard-disk drives 
and initially used Microsoft’s DOS 
3.3, which accommodates disk 
drives with capacities to 32M bytes. 
The All-Star PC’s hard-disk drives 
have a formatted capacity of 330M 
bytes each. DOS 3.3’s solution to 
this mismatch was to create 10 logi- 
cal drives out of each physical drive. 
As a result, the first hard-disk drive 
transmuted into logical drives C 
through L; the second hard-disk 
drive became drives M through V. 
The Compaticard IV therefore as- 
signed designators W and X to the 
second pair of floppies. DOS only 
handles 26 logical drives (A through 
Z), leaving only two drive designa- 
tors for use with other storage de- 
vices. Because the All-Star PC was 
going to have an optical WORM 
disk drive, there was actually only 
one drive designator left to play 
with. 

Designator-related problems arose 
with a disk-caching program called 
PC-Cache, part of the PC Tools De- 


Sculpture by Kathy Jeffers/Sculpture Photog- 
raphy by Chris Vincent. Photography by The 
Photo Works and Steven Leibson unless other- 
wise noted. 
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luxe software package from Central 
Point Software Inc (Beaverton, OR, 
(503) 690-8090). PC-Cache improves 
hard-disk performance, but it inter- 
fered with the Compaticard IV’s 
floppy-disk device driver. After 
loading the program, I could no 
longer read or write from the two 
3’4-in. floppy-disk drives, W and X. 
Suspecting that the cache program 
was interfering with the device 
driver, I instructed PC-Cache to ig- 
nore drives W and X. It couldn't, 
however, because it recognized only 
the first 16 drive designators, A 
through P. Clearly, PC-Cache and 
DOS 3.3 could not be used together 
on the All-Star PC. You'll find the 
solutions to this problem in Part 4. 

As long as PC-Cache wasn’t acti- 
vated, the floppy-disk drives 
worked fine. Even without a cach- 
ing program, the All-Star PC’s 
hard-disk drives, a pair of Seagate 
Technology’s SCSI-based Wren 
Runners, are very fast. The hard- 
disk drives have an average-seek- 
time rating of 12.8 msec and a maxi- 
mum track-to-track seek-time rat- 
ing of 4.8 msec. (Both ratings in- 
clude controller overhead.) They 
also support SCSI transfers at 
burst rates to 4.7M bytes/sec for 
synchronous transfers and 2M 
bytes/sec for asynchronous trans- 
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fers. The All-Star PC could have 
used drives with larger capacities 
(some 5'4-in. SCSI hard-disk drives 
such as Micropolis Corp’s 1590 se- 
ries now have capacities in excess 
of 1G byte), but we couldn’t find 
any 5'4-in. hard drives that were 
faster than the Wren Runners. For 
this project, speed reigned over ca- 
pacity, because a pair of 330M-byte 
drives seemed to provide all the ca- 
pacity the All-Star PC required. 

No sane system integrator would 
omit a way to back up 660M bytes 
of on-line data. Because the Wren 
Runners employ SCSI I/O, I 
planned to use a SCSI-based tape 
drive that could back up both hard- 
disk drives on just one tape car- 
tridge. These constraints left only 
one choice: Exabyte’s EXB-8200 
cartridge-tape subsystem. I briefly 
considered using a DAT (digital 


audio tape) drive, but one wasn’t 
available in time for this project. 
The EXB-8200 stores 2.5G bytes on 
one 8-mm videotape cartridge, yet 
the entire unit, including an inte- 
gral formatter/controller, occupies 
the space of a full-height, 5'4-in. 
drive. It also employs helical-scan 
recording. 

The Wren Runners and the EXB- 
8200 require a SCSI host adapter 
for operation, but because of expe- 
diency (or perhaps because of a lack 
of foresight), the PC’s BIOS only 
works with a Western Digital 
WD1008 controller card and ST-506 
hard-disk drives. Tape drives are 
somewhat less trouble because PC 
BIOS ROMs don’t support them at 
all. Therefore, there are no com- 
patibility problems to overcome. 
PC disk controllers that don’t imi- 
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ing the SCSI host adapter 
the Wren Runners are so fast, a 
And the compatibility objec- 

byte hard-disk drives and the cartridge 


slow host adapter would introduce 
a bottleneck in the SCSI subsys- 
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y handle two floppy-disk drives, so the All-Star PC’s floppy-disk controller employs two such 


Fig 3—The PC’s twisted floppy-disk cable can onl 
cables to control its four floppy drives. 
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the hard-disk drives), had the 
requisite operating-system and de- 
vice drivers available, didn’t use 
first-party DMA, and promised 
good performance. That product is 
Always Technology’s IN-2000 AT 
SCSI Host Adapter. 7 

Once installed in the All-Star PC, 
the IN-2000 worked as advertised. 
The machine booted without refor- 
matting the hard-disk drives. In ad- 
dition, the board proved compatible 


with QEMM’s memory-mapping | 


abilities, indicating that the first- 
party DMA problem was indeed 
solved. However, after a keyboard 
reset (invoked by pressing the con- 
trol, alt, and delete keys simultane- 
ously), the PC locked up shortly af- 
ter initializing the SCSI drives. Al- 
ways quickly determined that the 
problem was caused by the consecu- 
tive SCSI addresses I used for the 


hard-disk and tape drives. Moving 
the tape drive to SCSI address 4 
solved the problem by separating 
the tape drive and the hard-disk 
drives at addresses 0 and 1. With- 
out the address gap, the IN-2000 
was attempting to initialize the tape 
drive as if it were a disk drive, and 
as a result, locked up. 


2 The PC's 4 i eh of adiians eae for SCSI hee 
ada og won eee caused many of the All- 


come caren a suppurts ony a fies 
1e é ashore The soos one 


one set of dr ivers capone Speen eclca. host 


/ oe ands 


e ripheral device. It includes represen- 


tives from a wide cross section of peripheral, host- 
ac dapter, and computer vendors. Currently, the com- 
mittee | is is eine © on the needs of ee potas, but 
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The Core test claimed that the 
IN-2000 initially transferred 970k 
bytes/sec, roughly 25% less than 
the AHA-1540A. This is a respect- 
able speed, but the Wren Runners 
can do better, as earlier experi- 


ments with the AHA-1540A 


proved. A search for the I/O bottle- 
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neck (with the intent of boosting the 
SCSI subsystem’s performance), 
coupled with two experiments, ex- 
posed the culprit. For the first ex- 
periment, Always supplied a re- 
vised BIOS ROM for the IN-2000 
that reprogrammed the board’s 
SCSI protocol chip, a Western Digi- 
tal WD33C93, to eliminate hand- 
shake delays that the chip was gen- 
erating. Always put the delays in 
as a conservative measure, though 
they weren’t needed. Eliminating 
those delays boosted the IN-2000’s 
Core test results to almost 1.3M 
bytes/sec, tying the AHA-1540A. 


Exonerating the expansion bus 
The second experiment took 

place at Cheetah International, 

where, after plugging the original 


le 


BIOS ROM back into the IN-2000, 
we changed a PLD on the Cheetah 
Gold 425 mother board to speed its 
expansion bus from 6 to 8 MHz. 
That experiment had no effect on 
the Core test, proving that the 
“slow” ISA bus was not interfering 
with the All-Star PC’s disk-trans- 
fer-rate efficiency. Of course, abso- 
lute test numbers don’t tell you 
very much about a computer sys- 
tem, but these two experiments 
demonstrate a valid use for bench- 
marks. The All-Star PC won’t in all 
likelihood consistently transfer data 
over the SCSI bus at 1.38M bytes/sec 
for every application, no matter 
what Core’s test results say. How- 
ever, in carefully controlled experi- 
ments such as the two described 
above, the Core benchmark pro- 


vided relative performance data 
that helped improve the All-Star 
PC’s performance. 

With the SCSI performance prob- 
lem supposedly licked, I loaded a 
suite of tape-backup-software pro- 
grams, supplied by Novastor Corp 
(Westlake Village, CA, (818) 707- 
9900), onto the system. When the 
All-Star PC tried to run the Novas- 
tor programs, every one locked up 
the computer. Frantic calls to No- 
vastor and Always Technology re- 
sulted in the discovery that the No- 
vastor files on the hard disk were 
corrupted; they simply didn’t match 
their counterparts on the floppy 
disks. Further testing revealed that 
the IN-2000 SCSI host adapter with 
the new BIOS ROM was no longer 
writing data to the disk correctly. 
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Lost in (memory) space 


DMA controllers have a tough time working with 
Ps that incorporate on-chip memory-management 
units, especially if the code running the DMA con- 
troller doesn’t know that address translation is oc- 
curring. This scenario occurs when you use DOS 
extender programs, such as Quarterdeck’s QEMM 
memory manager, in conjunction with expansion 
cards that employ first-party DMA. QEMM can map 
blocks of extended memory (located above 1M byte 
in the wP’s address space) into unused address 
spaces below 1M byte, and it can also switch ex- 
tended memory into the program area—between 0 
and 640k bytes—for multitasking operations. 

QEMM handles mother-board DMA transfers by 
providing a protected buffer area, but this technique 
won't work for first-party DMA controllers that are 
not aware of QEMM. DOS is ignorant of memory 
management and provides no way for QEMM to 
tell it that logical memory addresses no longer match 
physical addresses. Most DOS services don’t need 
to know about remapped addresses. However, DOS 
manages first-party DMA controllers and supplies 
them with the destination addresses for transfers. 
If logical and physical addresses no longer corre- 


spond, the first-party DMA controller will write 
data into the wrong physical addresses, which is 
exactly what happened to the All-Star PC when it 
used Adaptec’s AHA-1540A. | 

Quarterdeck and Phar Lap Software Inc (Cam- 
bridge, MA, (617) 661-1510) jointly developed, pub- 
lished, and support a specification that allows soft- 
ware such as a disk BIOS to find out how memory 
has been mapped by the DOS-extension program. 
This specification, called the VCPI (Virtual Control 
Program Interface), provides a function call that 
supplies the logical-to-physical address-mapping in- 
formation. 

VCPI has become a de facto standard that several 
major software vendors support. Adaptec’s software 
doesn’t support VCPI. Instead, it creates a buffer 
for DMA transfers when they are used with DOS 
extenders. Invoking this feature of Adaptec’s driver 
carves 64k bytes from DOS’s already overcrowded 
640k program space. Although you can shrink the 
size of Adaptec’s DMA buffer (resulting in a speed 
reduction), I judged this solution to be inadequate 
for the All-Star PC’s needs and reluctantly benched 
the AHA-1540A. 
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Johan Olstenius, the IN-2000’s 
designer, discovered a logic path on 
the host adapter that was too slow 
to handle the faster SCSI transfers. 
Fortunately, the IN-2000 employs 
Xilinx field-programmable gate ar- 
rays (FPGAs) for most of the 
board’s logic, so the correction re- 
quired only a ROM change. A small 
EPROM on the IN-2000 holds the 
FPGA configuration information, 
which is loaded automatically by the 
Xilinx parts at power up. Olstenius 
rewired some of the circuitry in the 
Xilinx chip to speed up the slow 
logic path. This exercise under- 
scores the advantages of the “soft 
hardware” design approach em- ee 
ployed on the IN-2000. I plugged BO: Thefp.oer, 
in the new configuration ROM, and ferrite media wae es 2 
after reinstalling the tape software, \ 34-in. floppy-disk drive; oi 
backed up the information on the . nae 
hard disks. 

EDN’s All-Star PC incorporates 
a second type of storage peripheral 
that provides archival storage: an 
APX-5000 optical-disk subsystem 
from Maximum Storage Inc. The WV 
APX-5000’s WORM optical-disk 2 A 
cartridge stores more than 500M Always Technology, 31 ne 
bytes on each side for a total capac- Colinas, Suite 90a) car 
ity of approximately 1003M bytes. Ee ae 5O7 1406 
You may wonder why the All-Star “"“""_ Gircle No. 
PC has a WORM drive when it al- — , 
ready has the Exabyte tape drive. STATS: oF : 
Both the Exabyte and Maximum BUS: ISA(PC/AT) 

: -BUS-TRANSTER MODE: ” 
acral INT 13H : 
| BIOS ADDRESS: Selectable 
~ CONNECTORS: Internal é 


-extermalSCsl = 
EXTRA FEATURE: AT-style 
floppy-disk controller 


aio: Each IN-2000 host adapter controls as many AS S 


‘als. You can plug four IN- a syste sa 
capacity of 28 SCSI devices 
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Even with just the SCSI and floppy cabling in place, the interior of the 
All-Star PC is becoming a rat’s nest of wiring. 


Storage drives can back up the All- 
Star PC’s two 330M-byte hard-disk 
drives with one cartridge. Four key 
factors differentiate the tape and 
WORM drives: the tape drive 
stores more data per tape cartridge 
than the WORM drive stores on a 
disk cartridge; the tape cartridges 
cost much less than the optical-disk 


z cific. I For 
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cartridges; the WORM drive pro- 
vides much faster access to data 
than the tape cartridge; and the 
WORM drive provides indelible 
storage. 

Storage on the tape drive costs 
less per byte, making tape a better 
alternative for backup storage, 
which retains information as an in- 


surance policy against a hard-disk 
crash. Although the Maximum Stor- 
age WORM drive could satisfy the 
need for backup storage, you would 
quickly fill up the relatively expen- 
sive and nonerasable WORM ear- 
tridge if you used it for daily or 
even weekly backups. However, 
the indelible storage and higher 
speed of the WORM drive provide 
many benefits to a PC-based (or any 
other) workstation that are not re- 
lated to backup storage but to archi- 
val storage. Archival storage holds 
files that you wish to save but don’t 
necessarily need to have immedi- 
ately at hand. 

For example, you could use the 
WORM disk cartridge to freeze a 
suite of design and development 
software in case you ever need to 
revert to that particular version. 
Sad stories abound of engineers 
who needed to revise a design, only 
to discover that the particular ver- 
sions of the CAD and CAE software 
tools required for editing the old de- 
sign files were long gone. A 1G-byte 
WORM cartridge allows you to save 
several down-level versions of your 
favorite software tools. You can be 
confident that those files cannot be 
erased to make room for newer soft- 
ware. The same advantage applies 
to different versions of your design 
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specifications and your designs. 
Maximum Storage provides tools 
for version control as you update 
files. You can always retrieve an 
older version of a file from the 
WORM disk cartridge. 

The APX-5000 is an external 


unit. The All-Star PC uses an exter-. 


nal unit for two reasons. First, it 
has no more drive bays to accommo- 
date a WORM disk drive. Second, 
in an environment where engineers 
may have an irregular need for the 
capabilities of the WORM disk 
drive, the external drive can be 
passed around. You can plug a 
Maximum Storage controller board 
into each engineer’s workstation 
and share the drive. That configura- 
tion costs much less than equipping 
every engineering workstation with 
a WORM drive. 

Maximum Storage developed its 
own file-storage system instead of 
using the DOS file structure, so its 
APX-5000 works on a variety of 
computer systems and worksta- 
tions. The common file format 
across multiple computers makes 
the ability to move the drive from 
system to system even more attrac- 
tive because the APX-5000’s disk 
cartridge becomes a good medium 
for data interchange among other- 
wise incompatible systems. 

The APX-5000 drive has an ESDI 
(Enhanced Small Device Interface) 
port, so it doesn’t work on the SCSI 
bus. Maximum Storage supplies a 


proprietary disk-controller card for . 


the drive. The APX-5000, when 
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Exabyte Corp 


| ay Bin , standard 

: : M bytes on a standel™ 

, tore more than 2500N Sal oa. 
eee pois ike i fits Pa 5¥-in., full-height peripheral PAY: 

— B-mm vide ge . 
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Pico (A 
SURFACE 
MOUNT 


e All units meet MIL-T-27E 


Military designation is TF5R21ZZ for 
Transformers, TF5R20ZZ for Inductors 


e Power of 125 Milliwatts 
at 1KHz (Series 70000) 
(.310”W x .310”H x .310”D) 

Max. distortion 5% 


e Power of 400 Milliwatts 
at 1KHz (Series 71000) 
(.385"W x .385”H x .385”D) 

Max. distortion 5% 


8 Frequency Response 
+3dB, 400Hz2-250KHz at 1.0 
Milliwatt 


e Dielectric Strength 
All units tested at 200VRMS 


e Insulation Resistance 
Greater than 10,000 Megohms at 
300VDC 


e Operating Temperature 
—55°C to +105°C 
(all units can be supplied to class S 
requirements, + 130°C) 


e Terminals 
Conductor is copper clad steel, 
tinned 100%. 
Electroplated per MIL-T-10727A and 
ASTM CCS B452. 


e Thermal Shock 
25 cycles, method 107D, MIL-STD- 
202E, test condition A-1 


PICO manufactures complete lines of 
Transformers, Inductors and DC-DC Converters 


Delivery— 
stock to 
one week 


PICO 


Electronics, Inc. 


453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 


Call Toll Free 800-431-1064 
INNEW YORK CALL 914-699-5514 
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first plugged into the All-Star PC, 
didn’t work. The controller had 
trouble communicating with the 
drive. However, turning off the 
80486 wP’s internal cache RAM 
cured the problem. That clue 
pointed an accusing finger at the 
APX-5000’s device-driver software. 
In many high-speed PCs, the ex- 
pansion-bus’s speed may cause 
problems. However, the All-Star 
PC’s expansion bus runs at 6 MHz 
specifically to avoid such problems. 

Barry Bremsteller at Maximum 
Storage discovered the problem’s 
cause. The driver routines that 
monitored the proper operation of 
the controller card were timing out 
before the hardware had time to 
execute its commands. The culprit 
proved to be the delay function in 
Borland International’s (Scotts Val- 
ley, CA, (408) 439-1800) Turbo C 
function library. The delay routine 
is self- calibrating over a range of 
wP speeds, but the 80486 simply 
burst past the limits of the self-cali- 
bration algorithm. The company 
has fixed the delay function in its 


‘d, Col O25. 


Turbo C and Turbo Pascal libraries 
and you can get that revised library 
code from Borland. 

With the device driver fixed, the 
APX-5000 worked flawlessly and 
the All-Star PC’s complement of 
mass-storage devices was complete. 
That still left the machine deaf, 
mute, and blind. 
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The design tool 


[SS uses to 
design its 
design tools 


At ISS we base our IC de- 
sign system ona radical 
concept. We listen to our 
customers. 

What we heard from 
- customers like you 
‘helped us create an IC 
environment for people 
~ who make their living 
using CAD systems. The 
result was IC design tools 
to solve your toughest design 
challenges, including Layout, 
DRCs, PG fracturing, and 
Plotting. 

We listened when you said 


you needed a flexible design sys- 


tem. Ours lets you use a wide 


range of EDA tools on the lead- 
ing UNIX and DOS platforms, 


including Sun" Apollo™/HP or 


386/486-based workstations. 
We listened to your ideas 

about user interface. With our 

X-window support, you can 


configure the user environment 
to your own style. Our open 
system accepts EDIF-standard 
schematics, and our C Program- 
ming Interface allows easy access 
to our database. 

Our people know how to lis- 
ten because they’re IC designers 
themselves, who have used CAD 
tools to create IC designs at lead- 
ing semiconductor companies. 

We listened to our competi- 
tion, too. We've tested our design 
system side-by-side with compe- 
titors’ in real engineering 
environments and our products 
outperformed them in speed, 
ease-of-use and functionality. At 
a lower price. 

Now that we've listened to 
you, why not listen to us? Try 
our IC CAD tools free for 30 
days - Install them on the work- 
station of your choice, or visit 
our sales offices for ademonstra- 
tion. And see for yourself how 
well we listen. 


ISSIC CAD tools in multi-windows 


I S Ss Integrated Silicon 
Systems, Inc. 


ISS. The IC CAD company that listens. 


PO. Box 13665, Research Triangle Park, NC 27709, 919/361-5814 California: 408/562-6154 Texas: 512/452-5814 


UNIX is a trademark of AT&T. Apollo is a trademark of Apollo Computer. Sunisa trademark of Sun Microsystems, Inc. 
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‘D AHEAD 


INTRODUCING THE FIRST 33-60 MHz 
MICROPROCESSOR EMULATOR 
FOR THE 68020 AND 68030. 


Put your phone in front of you and get ready. 
You're about to get in touch with the future of high 
speed microprocessor emulation. 

For quite some time Applied Microsystems has 
been designing a radical new concept in 32-bit develop- 
ment. Now it’s ready. The EL 3200. 

Its capable of not only matching current speeds, 
but can efficiently expand to support faster speeds and 
advanced 32-bit microprocessors of the future. 

The news is not just speed, but how the EL 3200 
gets up to speed. 

It runs at full target clock speed—33 MHz for 
 — 68020 and 68030. It fully supports 68030 cache burst 

: ; and synchronous bus cycles. And, since it sits as a node 
right on the trunk of your Ethernet network, the 
EL 3200 can be accessed from any workstation. 

The EL 3200 offers your choice of source level or 
symbolic debugging. Whether you want to work in 
Assembly or C, we can provide the software tools for 
your exact needs. 

The sophisticated breakpoint system has hun- 
dreds of real-time access breakpoints, six real-time exe- 
cution breakpoints and unlimited software execution 
breakpoints. As an option, you can have up 2MB of no 
“J wait state overlay memory that runs at full clock speed, 

s so there are no restrictions on memory, software or 
interrupts. The 16K deep by 139 bit wide trace provides 
true 32 bit support. 

Seeing is believing. For a demonstration or more 
information, pick up your phone. 

Dial full speed ahead and ask for Telemarketing, 
In WA (206) 882-2000. 

Applied Microsystems Corporation, RO. Box 
97002, Redmond, Washington, USA 98073-9702. 


1-800 SS SOY 


Applied Microsystems Corporation 
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Making quick decisions on the embedded 
processor architecture you'll need for 
today’s high performance applications 
can be a risky business. 

Making them for tomorrow’s can be 
downright dangerous. 

Now Intel’s “Solutions960" program 
is taking the risk out of those decisions. 

A totally comprehensive program, 
“Solutions960” consists of a complete set 


of embedded products, development 
tools and application boards. 

And because this solution is so com- 
plete, it should come as no surprise that 
more than 200 design teams worldwide 
have already committed to the i960 archi- 
tecture for a host of different applications. 

With the industry’s first Superscalar 
architecture, the 80960 family of fully 
integrated, 32-bit processors is able to 
process multiple instructions per clock 
cycle, so it can deliver up to 66 MIPS now, 
with a 100+ MIPS potential for the future. 

Combine all of that with a compre- 
hensive program of Intel Support, as well 


132 Pin 
Plastic Quad 
Flat Pack 


132 Pin 
Ceramic 
Gate Array 


132 Pin 
Plastic Quad 
Flat Pack 


164 Pin 
Ceramic 
Flat Pack 


164 Pin 
Plastic Quad 
Flat Pack 


132 Pin 
Ceramic 
Gate Array 


132 Pin 
Ceramic 
Gate Array 


168 Pin 
Ceramic 
Gate Array 


The 80960 KA, KB and MC (military version), all 
offer peak performance of 20 MIPS. The Super- 
scalar 80960CA delivers peak performance of 
66 MIPS. 


as over 70 ISV products offering multiple 
tool chains, and you end up with one of 
the richest development environments 
available today. 

Which means you can now Safely 
design high performance applications 
that will be deliverable both today and 
tomorrow. 

For more information about 
Intel’s “Solutions960” program call 
(800)548-4725, Literature Dept. #AOQAA. 


intel 
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f there are head starts to be had, they 
ought to be yours. 

That's why AMD has developed more 
solutions than anyone else for making sense 
out of logic and getting you to market faster. 
How? With programmable logic. | 


Why we sell more PAL devices 
than all our competitors. Combined. 


We have PAL’ devices that can replace a 
fist full of standard logic. Universal CMOS PAL 
devices that fill a variety of needs. And the 
fastest bipolar TTL logic of any kind. (You don't 
need a calculator to figure out how much time 
that can save. 

Our CMOS Programmable Gate Arrays 
can translate into a six month lead if you 
were planning on designing a gate array the 
conventional way. 

Programmable logic from AMD is sup- 
ported by our own programming hardware 
and software. And more third party tools than 
anyone else. 

From now on, the world will be divided 
into two parts: People who don't use program- 
mable logic and people who get to market first. 


Advanced Micro Devices c\ 


For more information write” Programmable Logic’ on your letterhead 
and mail to: AMD Mail Operations, PO: Box 4, Westbury-on-Trym, 
Bristol BS9 3DS United Kingdom 


Bruxelles (02-2) 771 91 42 - Geneva (02) 2880025 + Hannover area (0511) 73 60 85 - Hong Kong (5) 865425 
London area (0483) 740440 - Manchester area (0925) 828008 : Milano (02) 3533241 + Munchen (089) 41 14-0 
Osaka (06) 243-3250 - Paris (1) 49 75 10 10 + Seoul (02) 784-7598 + Singapore (65) 348 1188 - Stockholm (08) 733 03 50 
Stuttgart (0711) 62 33 77 + Taiwan (02) 7213393 - Tokyo (03) 345-8241 
Latin America, Fort Lauderdale. Florida/U.S.A Tel: (305) 484-8600 Tlx: (510) 955-4261 amd ftl 
© 1989 Advanced Micro Devices, Inc. PAL is a registered trademark of Advanced Micro Devices. Inc. 
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The Harris RTX” is the real-time machine. ih Sie peetue 
ig tt en iu an expensive custom ASIC solution into an inexpensive software 
solution. As in the Daylight Star Tracker for Ball Aerospace. 


To further boost 
processing speeds, two 

m or more RTX chips 
can be tied together 
\ for parallel pro- 


The 16-bit RTX architecture ts 

optimized for the predictability that era 
real-time applications demand. Most 

imstructions execute in one 100-ns clock 


cycle. Without using pipelining or caches. 


oie 77 cessing, as in this Ideal for teaching a robot to walk. 
TDRS earth station. And the 
built-in ASIC bus ties together 
eas Ee Our C gets all A’s. With our C- 
development system, you can develop ; 
real-time software fast in a language pe RIX development on a wide variety of : 
industry-standard PC work- ¢ 
you already know and use. Or go = 
stations. Our development 
Jorth, with our Forth ie ee 
kit includes RTX prototyping | 
; development system. board, editor Forth or C 
Programming the RTX microcontroller isn't the only thing ra, editor, Forth or 
that's fast. The RTX also executes fast. It's up to six compiler, and debugger. 


times faster than conventional microprocessors 
running at the same clock speed, perfect 
for applications like 
MAGLEV trains. 


Hundreds of RTX projects are happening in real time right now. Which proves that the RTX 
2000's highly integrated, predictable architecture is ideal for getting a real-time solution up and 
running fast. At a much lower cost than custom silicon. It’s one more example of our leadership in 
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| 


The RTX doesn't just track aur- 


craft in target ID systems. 

It’s also being used to 

automatically track 

Mos onaiee | _ The RTX has near- : 
zero power consumption 


in standby, thanks to 
static CMOS technology. 
That's how the life of these 
remote data acquisition buoys 
was extended from one month 
toone year. 


Piapretes torte oe Sorte eace 


For example, the RTX executes 
typical image processing applications 
up to an order of magnitude faster 

than CISC or RISC chips. — 


The RTX 1s a driving ; 

The RTX’ form factor 
force tn automotive and low-power gael 
ee : make it ideal for portable 
ps wi aes ne applications like this ruggedized 

. handheld computer for 
suspensions, where inventory control. 


high-integration, low- 
power consumption and 
high performance are ¥ 


RTX isn't just for ordinary com- 
puters. It’s also ideal for neural 


networks. A RTX neural The R TX ts also perfect 
net is under develop- for artificial intelligence 
applications like this 
ment for voice soa 5 
identification automated lumber mull. 
The threaded nature of our 
Forth development system 


makes it ideal for Al. 


And finally, the RTX is part of 
Harnis’ standard cell library. So tt 
can easily be included in custom 
ASICs, allowing you to desig 
your own RTX. 


signal processing and control. For more information, call 1-800-4-HARRIS, “) }ARRIS 
ext. 1015. (In Canada, 1-800-344-2444, ext. 1015). ey sowie 
Harris Semiconductor. What your vision of the future demands. ‘Today. RTX is a trademark of Harris Semiconductor. 
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If sticker price has kept you away from E., 


look into Themis’ new VME. machine. 
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If your budget has you thinking about PCs, think again. 

The new TSVME 110 Single Board Computer gives you the high 
performance VMEbus platform you want at a price competitive with the 
PC alternative. 

Two more doors and a big back seat will only slow you down. 

What you need is cost-effective VMEbus computing. That’s what the 
TSVME 110 delivers. Under the hood it’s your choice of CPUs (68000-8MHz, 
68HC000-8MHz, or 68010-10MHz), with 64KB of SRAM and VMEbus IEEE 
1014 compatibility, all for just $589 in quantities of 100. You couldn't build 
them yourself for less. 

Extra features are optional. 

The TSVME 110 wont load you up with costly extras. Yet, it doesn't 
limit your options. On-board DRAM (512KB, 1MB, or 2MB), 128KB SRAM, 
SCSI interface, floppy disk controller, rechargeable battery or lithium cell and 
a P2 connector are all available at your discretion, not ours. 7 
No dead ends. 

When youre ready for more power, we have a software and P2 compatible 
68020 upgrade at an equally surprising price point. Themis also has complete 
VMEbus solutions for real-time processing, industrial I/O, communications, 
video/graphics, DSP and robotics. 

So stop designing down to PC. Design up to VMEbus with the TSVME 
110 Single Board Computer. 


Call (415) 734-0870, FAX (415) 734-0873, or 

in Europe, (331)69.86.15.25, FAX (331)64.46.45.50 

Americas: 6681 Owens Drive, Pleasanton, CA 94588 

Europe: 29, Av. de la Baltique, 91953 Les Ulis Cedex-France 
CIRCLE NO. 69 
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Technology Feature—Part 1 


— Single-chip Ps 
tax ingenuity of 


-compiler 


Single-chip-wP designers never had high-level lan- 
guages in mind, but high-level-language designers 
never had single-chip Ps in mind, either. The first 
part of this 2-part series contrasts how conventional 
C programs should work and how well single-chip wPs 
actually suit C. The second part will cover C extensions 
and optimizations tailored for specific single-chip wPs 
along with detailed programming tips for writing tight 
C programs. 


Charles H Small, Senior Editor 


Despite all the hoopla about the latest, greatest RISC 
(reduced-instruction-set computer) and CISC (com- 
plex-instruction-set computer) Ps, engineers are writ- 
ing more code for workhorse 8-bit single-chip Ps than 
any other kind of ~P. Desperately seeking productivity 
improvements, these engineers are looking hard at op- 
timizing C compilers as replacements for their assem- 
blers. 

Compiler enthusiasts cite a pseudoscientific IBM 
study, done years ago, that “proved” that program- 
mers produce five times as much code per day when 
writing in high-level languages compared with writing 
in assembly languages. Even if the study had proven 
that claim true, software engineers could well wonder 
if such quickly produced code is as good as their hand- 
crafted assembly-level programs. ) 

Well, to be fair, optimizing C compilers for single- 
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designers 


No matter how many lines per second your optimizing C compiler 
can crunch, it cannot make up for a bad algorithm. 


chip pPs produce object code that’s almost as tight as 
an equivalent hand-coded program would be if—and 
this is a mighty big ifthe hand-coding programmer 
were somehow forced to write a program that executes 
as a C program does (Fig 1). Obviously, this assertion 
begs the question of whether software engineers really: 
want to routinely run C-style programs in their single- 
chip Ps (see box, “What is C’s style?”). 
Unfortunately, a couple of flies are buzzing in this 
soothing Brand C ointment. The most loudly buzzing 
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Software engineers wonder if quickly pro- 
duced code is as good as hand-crafted as- 
sembly-level programs. 


fly is the poor match between the assumptions C makes 
about computers and the real nature of common 8-bit 
single-chip wPs. 

For example, the C mechanisms for modularity and 
re-entrancy assume that the target processor actually 
has a stack of respectable size and some mechanisms 
for manipulating the stack. After all, the functions of 
a modular, re-entrant C program—by design—thrash 
the stack continuously. CISC Ps, such as the 68000 
family, actually have special instructions for setting 
up and tearing down stack frames in addition to stack- 
pointer-relative addressing. 

Garden-variety single-chip »Ps, on the other hand, 
not only don’t have specialized stack instructions that 
accommodate high-level languages, most of them have 
barely enough stack space to hold a few subroutine 


What is C’s style? 


C’s designers wanted a language 
that produced modular, re-en- 
trant object code. In fact, C’s 
modularity, rather than its high- 
level syntax, accounts for most of 
its software-productivity gains 
over assembler. Software engi- 
neers can quickly and easily— 
some might say too easily—plug 
a multitude of prewritten func- 
tions into their programs. 

As Fig A shows, to be modular 
and re-entrant, each C function 
should, upon entry, make room 
on the stack for its local variables 
in a “stack frame.” If the function 
calls another function, the first 
function should also push copies 
of the parameters it’s passing to 
the called function on the stack 
before exiting. The called func- 
tion, in turn, sets up its own local 
variables on the stack and copies 
the passed parameters from the 
stack as it needs them. Upon 
exit, the called function deallo- 
cates its local-variable storage 
and returns any results to the 
calling function on the stack. 


CALLING 
FUNCTION 


CALLED 
FUNCTION 
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Fig A—Each function in a classical C program uses the stack for temporarily storing 
local variables, or “automatic variables,” and passing parameters to called functions. 


This way, all functions use the 
same mechanism for passing in- 
formation back and forth (modu- 
larity) and each entry into a rou- — 
tine creates a new set of passed 
information and local variables 
(re-entrancy). A function can 
even call itself with impunity. 


call-return parameters for the hardware. For example, 
the indexed-load instruction of the Z80 core of the 
64180 and Z180 single-chip wPs has a range of only 
+127 bytes. (Z-World’s C compiler uses this instruc- 
tion for stack-frame pops.) Because the 8051’s hard- 
ware has a minuscule internal stack, C-compiler design- 
ers often maintain a simulated software stack in its 
main memory for some, or all, C operations. This off- 
board software stack is slow compared with the hard- 
ware stack. 

When you run your C program on a big computer, 
you can speed up execution by directing the compiler 
to put some often-used variables in registers instead 
of in main memory or on the stack. Some compilers for 
single-chip Ps will cheerfully accept such directives 
and then... do absolutely nothing! The problem is 


PREVIOUS ARGUMENTS, LL 
AUTOMATIC VARIABLES, 
SAVED REGISTERS, ETC 


ARGUMENT, 
e) 


® 
ARGUMENT, 


SAVED 
RETURN 
REGISTER (S) 


HARDWARE 
SUBROUTINE-CALL 
STORAGE 


AUTOMATIC VAR 
° FRAME POINTER OR 

. ~— STACK-POINTER-RELATIVE 

ADDRESSING 


® 
AUTOMATIC VAR,, 


TEMPORARY 
WORKING 
STORAGE 


«STACK POINTER 


STACK 


Thus, different threads of execu- 
tion can use the same function 
over and over, or simultaneously, 
without interfering with each . 
other. If the function kept a sin- 
gle copy of these items in mem- 
ory, the function would not be 
reentrant or as modular. 
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that the compiler has already used up all of the tiny 
processor’s internal registers for its own housekeeping 
and doesn’t have any room left over for your variables. 


Lumpy properties 


Single-chip Ps are “lumpy” rather than smooth and 
homogeneous. They have numerous properties that 
change dramatically, by fixed quanta, when you exceed 
some limit or cross some boundary. Their instruction 
sets are quirky and irregular. For example, the Z80 
core of the 64180 and Z180 single-chip wPs has good 
instructions for comparing 16-bit unsigned numbers, 
but poor instructions for comparing signed numbers. 
Non-ANSI C assumes that all integers are signed inte- 
gers. 

Some single-chip ~Ps perform 8-bit math, 8-bit logic 
operations, and 8-bit memory addressing much faster 
than equivalent 16-bit operations. For example, single- 
chip pPs of the Motorola 68xx family operate much 
faster out of the lowest page, or “zero page,” of their 
memories. Some of the 6805’s instructions—the bit- 
manipulation instructions, for example—don’t even 
have a counterpart in the address space above location 
255. C, on the other hand, has no operators for 8-bit 
math or memory addressing; it frequently “promotes” 
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1°,p,Q; 


Fig 1—This C code fragment for a 6805 
came from a real program. The if statement 
makes a decision based on a variable stored 
in array e. The expression containing f in- 
dexes array e, offset by both a constant and 
a variable amount. Variable o stores the re- 
sult of this calculation. Notice both the order 
in which the compiler performs these opera- 
tions and the instructions it selected. You 
can judge for yourself how much more pro- 
ductive you'd be writing code like this in C 
instead of assembler. (Listing courtesy Byte- 
Craft) 


8-bit values to 16 bits automatically during computa- 
tions and logic operations. 

Single-chip pPs often have multiple memory spaces 
and a mind-numbing panoply of built-in hardware. C 
has only one way to address memory because the lan- 
guage assumes that the target computer has a uniform 

address space and instruction set. C is ignorant of the 
concept of memory-mapped hardware. 

C wants to be portable. Therefore, it has only a few 
operators and dedicated keywords. Single-chip »Ps 
have specialized instructions for dealing with their 
built-in hardware and for performing operations pecu- 
liar to embedded processing. In other words, you can 
utter statements in C that single-chip wPs cannot easily 
execute, and the pPs have useful instructions that have 
no corresponding standard C expression. 


Stranger in a strange land 


Unlike Forth, another popular high-level language 
for single-chip Ps, C is not extensible. Thus, software 
engineers cannot add specialized operators to C, as 
they can with Forth, to handle the special needs of 
single-chip Ps and embedded systems. For example, 
in embedded-systems programming, software eng!- 
neers often know the range of the input variables they 
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Optimizing C compilers for single-chip wPs 
produce code that’s almost as tight as an 
assembly program would be if it were done 
in C style. 


can expect. Thus, they can use much faster and more 
compact integer math rather than slow, cumbersome 
floating-point math. : 

Forth has a series of compound math operators, the 
utility of which would mystify the average high-level 
language programmer. But these operators prove in- 
valuable for integer math because they scale and ma- 
nipulate integer data. To preserve accuracy, these op- 
erators save a double-precision intermediate result. 
For example, the compound operator “*/” multiplies 
an integer number by an integer fraction. It first multi- 
plies the datum by the numerator, which generates a 
double-precision intermediate result. It then divides 
this double-precision result by the denominator return- 
ing a single-precision final result. 

The best way to perform such operations in C would 
be to momentarily drop out of C and insert an assem- 
bly-language macro into your program every time you 
needed to scale an integer datum (Fig 2). 

However, the portability of your C code takes a 
double hit if you insert assembly-language macros. 
First, each single-chip wP obviously has its own in- 
struction set. Thus, you'll have to rewrite the assem- 
bly-language macros if you want to recompile your 
program for another single-chip pP. Less obviously, 
each C compiler from competing compiler vendors has 
its own subtly different assembler syntax. So even if 
you want to compile your program for the same single- 


_#endasm 
Teturn; 


Fig 2—One way to work around C’s lack of operators for a single- 
chip P's special instructions is to temporarily drop out of C and 
mto assembly language. Here, the #asm preprocessor directive 
plunks some 64180/Z180 assembly code into the guts of the Junction 
stepsum. (Listing courtesy Z-World) 
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chip »P, you may have to make many little changes 
in your macros if you change compilers. 

C relegates to library programs what many lan- 
guages have built in. This strategy can be a blessing 
or acurse. For example, C has no built-in I/O functions. 
Thus, you can write your own I/O routines—or you 
could call standard I/O functions from a program li- 
brary and suddenly find that your program has grown 
by 10k bytes. Picking up 10k bytes here and 8k bytes 
there isn’t much of a problem in the big-system world 
that C comes from. But overweight library routines 
exact real penalties in a single-chip-~P system’s limited 
memory space. 

For example, some C compiler vendors have a uni- 
versal floating-point math package written in C. To 
target the package for a specific processor, they simply 
compile it with their own single-chip wP compiler. 
Other vendors write a floating-point math package in 
assembly language for each processor. Also, watch out 
for—incredibly enough—library routines that are not 
re-entrant. 

C compilers for big systems often initialize all vari- 
ables to zero at startup time. This custom can be a 
fatal mistake in an embedded system because it de- 
stroys the system’s operating history whenever the 
system reboots. Further, C copies the “string pool” 
of defined messages to RAM upon start-up. In an em- 
bedded system, messages should stay in ROM. On a 
big system, C depends on an elaborate operating sys- 
tem for initialization and error handling. Embedded 
systems have no operating system to handle start-up, 
initialization, and errors. They must handle all these 
chores by themselves. 

C doesn’t concern itself with hardware. So the good 
news is that you can write your own routines to exploit 
the on-chip resources of single-chip Ps, such as 
counter/timers, communications ports, and A/D con- 
verters. The bad news is that you have to write these 
routines yourself unless the compiler vendor supplies 
usable library routines. 

Further, unless your C compiler recognizes the new 
ANSI C preprocessor directive volatile, C is oblivious 
to the machinations of interrupt handlers. The single- 
chip »P’s hardware can invoke interrupt handlers, 
which then steal, wraith-like, through the memory and 
change data values without telling the high-level pro- 
gram that its supposedly untouched variable values 
are actually built on shifting sands. And C has no 
mechanism to connect an interrupt to a particular inter- 
rupt-handling function. 
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The C mechanisms for modularity and re- 
entrancy assume that the target processor 
has a stack of respectable size and some 
mechanisms for manipulating the stack. 


Compiler designers are hammering away at C to 
make it fit single-chip Ps and embedded-system pro- 
gramming. They’ve hidden some of their efforts in the 
bowels of their compilers as optimizations and altera- 
tions of C’s basic schemata. Other efforts are visible 
to programmers as extensions of C’s operators and 
data types. (Part two of this series will detail the sec- 
ond class of efforts.) 

Optimization is a matter of bytes and microseconds. 
You can optimize for minimal bytes or minimal micro- 
seconds, but not often for both. Compiler optimizations 
come in two flavors: optimization of the C code (or an 
intermediate, nonprocessor-specific code) and optimiza- 
tions done to tailor the code to a specific processor. 
(Part two will also detail this second flavor of optimiza- 
tions.) All compiler designers have a suite of elemen- 
tary optimizations that they apply to your C program 
willy-nilly during their compiler’s first pass through 
your program if you turn on the compiler’s optimizer 
option. 

For example, the optimizers “fold” constants. The 
optimizer transforms b = 3 + c — 5intob =c¢ — 2. 
The optimizer also simplifies algebraic expressions such 
as a + 0 and a/ 1. Although these examples look 
trivial, in practice such expressions typically result 
from preprocessor-defined terms and named constants. 
Another common optimization is jump-chain compres- 
sion. The optimizer redirects jumps to other jump in- 
structions into direct jumps to the final target. 

C optimizers also convert logical expression into 
_ faster arithmetic operations. For example, if a software 
engineer writes if ( p = = 0) (“= =” is the C equality 
operator), then the optimizer converts the statement 


Fig 3—An optimizer, seeing a repeated cal- 
culation involving the memory-mapped reg- 
ister hw_reg in a, mistakenly believes it can 
pull the calculation out of the loop (b). The 
optimizer thinks that the contents of hw—reg 
will remain unchanged unless the processor 
writes to it. (Listing courtesy Z-World) 
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into if ( !p ) (“!” is the C negation operator). Further- 
more, the optimizer can transform tests such as if 
(a Geb 1 -¢ d). ("E&é" and: “are. the 
C logical-AND and -OR operators, respectively) into 
control flow statements, instead of evaluating each 
subexpression to a numerical result first. 


fae 


Optimizers run riot 


But be aware that these common optimizations come 
from the batch-processing, big-system world and some 
can actually foul up programs written for real-time 
systems. For example, optimizing compilers often re- 
move “dead code.” If the optimizer sees repeated 
writes to the same memory location without an inter- 
vening read, it assumes that all but the last write is 
redundant. Such an optimization can ruin a program 
if it’s writing to a memory-mapped hardware register 
or device. 

Optimizing compilers look for functions that never 
get called and loops and tests that do no useful work 
and eradicate them. Too bad for you if you have care- 
fully crafted delay loops inserted at strategic points 
in your program—the optimizer happily eliminates 
your do-nothing timing loops. 

Really smart optimizing compilers look for repeated 
computations of the same value in different parts of 
your program. Compiler designers call such operations 
common subexpressions. If the optimizer finds any 
common subexpressions, it assumes that the result will 
always be the same. It cuts all but the first calculation 
and uses the result from the first calculation repeatedly 
(Fig 3). Here again, C betrays its lack of familiarity 
with interrupt handlers. Your program might be fetch- 


func() 


 intquit; 
__—externint hw reg; 


ae quit = hw_reg & 0x80; | 


white (!quit); 
- 
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THE STANDARD FOR CIRCUIT SIMULATION 


From concept to production, Meta-Sofiware 
provides the total design solution. Engineers 
worldwide rely on HSPICE to meet ail their 
circuit simulation needs! 


HSPICE—World’s premiere circuit 
simulator for integrated and discrete circuit 
design. HSPICE includes circuit and device 
multi-target optimizer. 


HSPLOT—High-resolution interactive 
graphics post-processor. Terminal and 
hardcopy support for wide range of 
display devices. 


ATEM—Lab test-equipment interface 
creates measured data files and initial 
guesses for optimization features of HSPICE. 
ATEM automates process characterization 
and creates final models. 


DDL 2000 and DDL 1000 —Discrete 
device models, from power FETs fo op amp 
macros. The PCB solution. 


MetaTestChip™— Custom testchip 
tailored to client’s design rules. Provides 
all structures necessary for complete, 
automated process and device 
characterization. 


Ports—HSPICE runs on aii major computers 
and workstations, including the SUN 
SPARCstation 4. 


SPARCstation 41is a Registered Trademark of Sun Microsystems, Inc. 


Recognized as the Industry Leader 


since 1976! 


4300 White Oaks Road = Campbell, CA 95008 
Phone (408) 371-5100 = Toll Free (800) 346-5953 
FAX (408) 371-5638 = Telex 910-350-4928 
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EYELETS 


At Stimpson, we maintain the 
industry's largest line of 
standard and specialty eyelets, 
available in a wide variety of 
metals, platings and finishes. 

If your application requires a 
custom design we can produce 
it for you, quickly and 
economically. 

For more complete design 
information, send today for our 
latest catalog which illustrates 
standard and specialty eyelets 
along with our full line of 
automatic eyeleting machines. 


ib Stimpson = 


900 SYLVAN AVE., BAYPORT, NY 11705-1097 
(516) 472-2000 ¢ FAX (516) 472-2425 © TX-ITT-497-2370 


CIRCLE NO. 72 


What’s 
Steve Leibson 
hiding in his basement 


in Colorado? 


Turn to page 107. 


Driving Electronic 


Technology Into The 
Next Century 


ing the latest value from a memory-mapped I/O device 
and not just reading the same memory variable over 
and over. 

Optimizing compilers perform a similar optimization 
within loops, which is called loop-invariant optimiza- 
tion. If you poll a memory-mapped device in a loop, 
the optimizer might simplemindedly assume that 
you're reading the same value over and over from a 
memory location and move the memory access outside 
the loop. The optimizer thinks it’s being really smart 
because with the memory access outside the loop, it 
gets executed only once. 

Some optimizers unroll loops. Instead of jumping 
back to the beginning of the loop a given number of 
times, the compiler concatenates that many versions 
of the loop’s body code. The tradeoff here is program 
length versus overhead consumed in indexing the loop. 

Experienced C programmers have workarounds for 
all these possible problems. And—luckily—some vet- 
eran, real-time programmers sit on the ANSI C com- 
mittee. Their input to the committee has resulted in 
the new C preprocessor directive, volatile. This direc- 
tive tells the compiler not to assume that a variable 
will always have the same contents. 

Additionally, ANSI C is more strongly typed than 
old C. For example, if you declare p to be a pointer 
to type 7’, p won’t modify anything but targets of type 
T. If a pointer can point to any type of object, then a 
compiler designer can’t perform much optimization on 
pointers. 

Not all routine optimizations are potential sources 
of trouble. Some are just good programming practice 
in automated form. For example, all compilers rear- 
range for loops by putting the test at the bottom of 
the loop instead of at the top of the loop. The lack of 
fit between ivory-tower, theoretical programming 
structures and the reality of how computers really 
work accounts for the popularity of this optimization. 

And you can forget about the old assembly-language 
programmer’s trick of substituting shifts and adds for 
multiplication or division by powers of 2; all optimizers 
already know that one. To find out what other assem- 
bly-language programmers’ tricks C-compiler design- 
ers have incorporated, read part two of this series. 


Article Interest Quotient (Circle One) 
High 497 Medium 498 Low 499 
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— analog ICs 
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to be desired. 
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Youre looking for an edge. Through higher 
integration. Or performance Improvements. Or unique 
packaging options. Things you've always wanted from 
standard analog products. But couldn't get. 

Until now. 

Because now there’ semi-standard...a new way 
of thinking about analog design. One that gives you 
some of the rewards of analog ASIC, without many of 
the risks. Because you start with a standard product. 

If thats all you need, fine. 

But ifyou want more—more drive current, more 
efficient space utilization, more system performance— 
semi-standard can give you that. In very little time. With 
minimal risk. In CMOS or bipolar processes. 

Utilizing our proven ASIC tool set and design 
methodologies, we can enhance your standard solution 
by changing the functionality or performance charac- 
teristics. Or by tightening electrical, environmental or 
unique quality specifications. Or simply by modifying 
your packaging to optimize your system's requirements. 
And give you working bipolar prototypes in as little as 6 
weeks, CMOS in as little as 12. Consider the possibilities. 


The Lower, 
The Better. 


When one of our customers 
received a request from one of 
the major RBOCs to supply a 
telephone line equalizer with 
a very low group delay, we simu- 
lated the condition and simply 
re-wired the building blocks 
of one of our standard CMOS 
products. And delivered the 
goods, in less than 3 months 


390 Micro Linear 


uch more 
u need. 


The Tighter, 
The Better. 


By quickly and easily add- 
ing a unique trim capability to 
one of our standard hard disk 
drive servo products, we 
delivered a much tighter voltage 
reference and satisfied a major 
customer’ critical power fail 
detect requirement. On time. 
On budget. Giving him a real 
competitive advantage. Respond- 
ing to a number of customers’ 
immediate needs, we also solved 
a system yield problem through 
tighter pulse pairing. By adding 
trim capability to our standard 
ML 8464C pulse detector, we 
were able to raise the perfor- 


mance specs by 200% and quickly 
solve their application problem. 


The Fewer, 
The Better. 


When a major military 
supplier asked us to help solve a 
space problem on an advanced 
military radio, we used our 
FB 3490 tile array and existing 
macros to combine three 
100KHz PWM controllers onto a 
single chip, in a single compact 
package. Quickly turning a stan- 
dard answer into a small wonder. 


The Smaller, 
The Better. 


After evaluating our ML4621 
Fiber Optic Inter-Repeater 
Link quantizer, three different 
networking companies asked us 
to develop smaller, lower power 
versions of our standard offer- 
ing. The result? Two new versions, 
inTTL and ECL, each optimized 
for a particular interface, with 
lower pin counts and power 
consumption. 
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How to design 


POR DISK 
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a strategic 


advantage into your next disk drive. 


In the disk drive business, 
time to market is everything. 

Yet you can't be satisfied with 
standard read/write and servo 
control solutions. 

What you need is semi- 
standard. Products with higher 
performance. Higher integration. 
Or increased functionality. That 
you can get in time to capitalize 
on narrow windows of opportu- 
nity. With a minimal amount 
of risk. 

Semi-standard solutions like 
our ML8464C pulse detector, 
the first chip to offer a +-/-1 nano- 
second pulse pairing performance 
advantage, reducing bit error 
rates and increasing yields. Or our 
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Semtstandard solutions like the 
ML 4401 Servo Demodulator are 
based on Micro Linear’ tile array 
technology, allowing modification 
of functional blocks to gain a 
competitive edge. 


co SERVO SERVO = 
DEMODULATOR CONTROLLER 
TRAJECTORY 
_ SUPPORT 
CIRCUITRY ee | 
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Micro Linear’ full set of HDD ICs support both dedicated and 


NEB 
RECORDING IC 


DATA 
SEPARATOR 


LOO 


SERVO 
DRIVER ee 


embedded servo disk drives with read/write preamps, pulse detectors, 
phase locked oscillators and 8-bit data converters, 


combine Ins pulse pairing with 
2 4S Write-to-read recovery in the 
industry-standard footprint. 

Or our ML4400 Chip Set 
that provides a highly integrated 
solution for fast-access, high 
TPI dedicated servo systems. Its 
a standard, off-the-shelf solu- 
tion that’ been designed with our 
bipolar tile-arrays. So you can 
start with our standard solution 
or modify the functional blocks 
to gain a competitive edge. And 
get working prototypes in as little 
as 6 weeks. 

Got a high data rate drive 
that you want to race to market? 
Our new ML4025 data separator 
runs up to 83MB/s and is the 
only chip to support both RLL 


(1,7) and RLL (2,7) codes. Add 
constant density recording capa- 
bility with our ML4417/4427 
ZBR™ chip and you can achieve 
storage density advantages, with 
a VCO that operates over a 4:1 
range up to 100 MHz. 

You can even specify custom 
packaging options on any HDD 
product to satisfy critical on-board 
space requirements. 

Want to know more about 
how you can gain a competitive 
advantage on your next drive? 
Just call (408) 433-5200, ext. 403, 
or write to: 

Micro Linear 
Dept. HDD 
2092 Concourse Drive 
san Jose, CA 95131. 
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Now there’ a high performance 
single-chip solution for 
quantizing fiber optic signals. 


Micro Linear’s ML4621 is the first 
complete solution for converting 
low-level analog pulses from a fiber 
optic PIN diode preamp to digital 
signals, enabling you to interface 
with the clock recovery circuit. 

The ML4621 is a highly integrated 
high performance solution for 
many different types of fiber optic 
receivers, including IEEE 802.3 and 
IEEE 802.5 Local Area Networks. 


High Frequency Design 
Made Easy 


The ML4621 contains all the 
necessary circuitry for quantizing 
signals at data rates up to 100Mbaud. 
The chip includes a high speed 
comparator, wide band amplifier, 
a link monitor and a DC offset 
cancelling circuit. The high level of 
integration greatly simplifies the 
design of a fiber optic receiver by 
eliminating multiple discrete 
devices. 

The ML4621 data quantizer can 
accept a wide dynamic range of 


ML46215 Wide Bandwidth 
makes it usable to 100 MBaud 


ML 4621 converts Low Level Pulses from a PIN Diode Preanyp 
into Clean Digital Signals. 


signal strengths at its input, up to 
50 dB. 

The wide dynamic range means 
the ML4621 can be used where 
combinations of high and low volt- 
age input levels might saturate 
less accommodating, discrete 
solutions. The quantizer’s low 
noise voltage (25uV ) makes it in- 
significant compared to other 
components. 

Once your data signal has gone 
through two cascaded stages of 
wideband (50MHz) gain amplifi- 
cation, you can choose between 
either a single +5V TTL compar- 
ator, ora +5Vor —5.2V ECL 
comparator to interface with 
other blocks. 

For minimum use of board 
space, two other versions, the 
ML4622 and ML4623, are available 
in smaller packages. One has only 
TTL outputs and the other has 
only ECL outputs. 


Built-In Link Monitor 


Auser adjustable link monitor 
prevents incorrect data from being 


passed by disabling data outputs 
when incoming signals fall below 
externally set threshold levels. 
The circuit also transmits a status 
signal to the system. 


Semi-Standard Versions 


The ML4621 family is developed 
on Micro Linear’s family of bipolar 
tile arrays. It allows easy custom- 
ization to your specific applications, 
including the addition of blocks, 
such as a Fiber Optic LED driver, 
or a transimpedance amplifier, or 
changes in I/O and other packaging 
options. 


Call Or Write 
For More Information 


If you would like more informa- 
tion on the ML4621 fiber optic 
data quantizer, or on Micro Linear's 
complete line of linear devices, 
call (408) 483-5200, extension 900. 
Or write: 

Micro Linear 
Department Q)4 
2092 Concourse Drive 
San Jose, CA 95131 
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PULtS FOR POWER SUPPLY DESIC NERS 


Now you have a choice 
for your power supply controller. 


Standard devices for maximum performance. 


single-chip Switch 

Mode Power Supply 
controllers that save space, 
money and time. 

The new 16-pin ML4825 
and ML4823 are improved 
pin-compatible replacements 
for the UC1825 and UC1823. 
A third new controller, the 
ML4809, is packed with extra 
features and functions for bet- 
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PART TYPE 


Micro Linear! Unitrode Comparison 


Introducing three new 


ter stability, easier starting 
and synchronization. 


ontr 
Provide Maximum Performance 
The ML4809 starts with all 
the features of the ML4825, 
then adds even more: 
Synchronization: 
¢ separate clock I/O pins 


° wide dynamic range VCO 

° toggle flip-flop output and 
preset inputs 

Stability: 

° on-chip programmable ramp 
compensation 

¢ blanker to reject turn-on 
spike 

¢ completely independent 
error ramp 

Start-up/Fault conditions: 

e 7V hysteresis on under- 
voltage lockout 

e full reset with programmable 
delay 

If one of these new standard 

controllers doesn’t meet your 

special high-frequency system 

needs, Micro Linear can pro- 

vide a semi-standard part to 

your specific applications. 


Semi-Standard devices for maximum flexibility. 


Announcing the new 
FB3480, the first 
array specifically 
designed for high frequency 
Switch Mode Power Supply 
applications. 

The FB3480 technology 


2. 


allows both Standard and Semi- 


Standard SMPS controllers to 
be quickly and easily developed 
starting from the same piece 

of silicon. This array contains 
crafted high performance “core 
cells” optimized to perform all 
the standard functions found in 
all PWM controllers. In addition 
a large area of uncommitted 
components on the chip can be 


Ni 


as 


configured to your specifications 
using Micro Linear’s library of 
“soft macros” These macros 
implement a full complement 


ML3480 Array Enables 
Easy Custom Design 


functions which make your con- 
troller unique. This approach 
allows you to evaluate the per- 
formance of the standard 
products then to customize a 
unique solution with a minimum 
of cost and effort, without 
sacrificing performance. 
For more information on 
the new single-chip standard 
and semi-standard SMPS con- 
trollers from Micro Linear, call 
(408) 433-5200, ext. 900. 
Or write: 
Micro Linear, Dept. PWM 
2092 Concourse Drive 
San Jose, CA 95181 
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New 8-bit A/D converters 
with sample and hold 
maintain accuracy at SOKHz. 


The new ML2258 and ML2281 
series from Micro Linear maintain 
true 8-bit accuracy while digi- 
tizing a OV to 5V, 50KHz sine wave. 
This gives you near ideal signal-to- 
noise of 47dB. All devices come 
with either a double buffered paral- 
lel or serial digital interface. Yet, 
these devices are superior for 
interfacing to temperature, pres- 
sure and position transducers due 
to low cost and ease of use. 


Dynamic Performance and 
8-bit Guaranteed Accuracy 
Dynamic performance and 
6 microsecond conversion time 

make the ML2258 and ML2281 
series ideal for signal processing 
as well as for digitizing sensors. 


The FFT Plot of the ML2258 
Converting a 50 KHz, 0 to 5Y 
Low Distortion Sine Wave Input. 


Total unadjusted error in 
the ML2258 and ML228] series is 
+¥ or +1 LSB, which includes 
the sum of nonlinearity, full scale 
and zero scale errors. It is impor- 
tant to note that no full scale 
or zero adjust is required. 


MW 


ML2258 Block Diagram 
Designed for Ease of Use 
with a 
Choice of Analog Inputs 

With all parameters guar- 
anteed over the entire ambient 
temperature range, as well as 
+10% tolerance of the single 
5V power supply, the ML2258 
and ML228] series are designed 
for ease of use. Stable and repeat- 
able conversions result from a 
digital code uncertainty of 1 mV. 

Greater design flexibility 
is allowed by the OV to 5V analog 
input range operating either 
ratiometrically or with a voltage 
reference up to 5V. The inputs 
are protected for up to 25mA 
maximum per input. 

Power dissipation overall is 
extremely low—less than 3mA. 

Digital inputs and outputs are 
both TTL and CMOS compatible. 

The ML2258 microprocessor- 
compatible 8-bit A/D converter 
with 8 analog inputs has a 
double-buffered three state out- 
put and latched and decoded 
multiplexer address inputs. It is 


L2281 Serial DSP Interface 


available in both 28-pin DIP 
or PCC. 

The ML2281 series 8-bit serial 
I/O A/D converters provide a 
serial address of the 2, 4, or 8 
analog inputs. ML2281 series 
DIP packages are 8,14 or 20-pin 
configurations. In addition, the 
8-input channel ML2288 is avail- 
able in a 20-pin PCC. Prices 
start at only $2.95 each in 100 
unit quantities. 


Semi-Standard Options 

Customized versions of both 
series of converters are available to 
incorporate alternate packages, 
different specifications or slightly 
modified functionality. 

If you would like more informa- 
tion on the ML2258 or ML2281 
series A/D converters, or on Micro 
Linear’s complete range of linear 
devices, please call (408) 433-5200, 
extension 912, or write: 


Micro Linear 
Department E/B 
2092 Concourse Drive 
San Jose, CA 95181 
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Before you begin your next Since, 1983, we've pio- alternatives and give you our 


analog design, there area neered the use of analog ASIC best recommendation. 
number of things we think you methodologies to produce high- We'll even give you a 
should consider. performance, high reliability number of development cost 
Should it be a standard analog products fora widerange  options—ranging anywhere 
analog IC? Asemi-standard? Or of commercial and military from a one-time NRE charge to 
even a USIC (User SpecificIC)? — applications including com- waiving it in exchange for the 
With us, the decision is puter peripherals, instrumenta- rights to eventually offer your 
yours. Because we can satisfy tion, telecommunications,data design as one of our standard 
the whole spectrum. From high- communications equipment and —_ products. 
performance standard prod- military systems. Yours could Write to Micro Linear, 
ucts serving the disk drive, A/D — be next. 2()92 Concourse Drive, San 
conversion, analog telecom, To find out,simply sendus Jose CA 95131. Or send in the 
power supply or localareanet- —_ your design problem with all coupon below. Better yet, call 
work markets. To proprietary the critical performance para- Ken Fields at (408) 483-5200 
semi-standard solutions. To meters. Our applications and give him all the facts. The 
sophisticated, ASIC-based engineers will quickly analyze answers he'll give you will be 
designs. Or any combination. your problem, evaluate the anything but standard. 
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L_] Please have a Micro Linear sales engineer call me. 
I have an immediate requirement. 
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Design Feature 


Minimize parasitic 
problems 1n high-speed 
digital systems 


Parasitics are usually small enough to have 
little effect on performance. However, the 
organizational, access-time, and coordt- 
nated-switching requirements of today’s 
high-speed digital systems make ideal breed- 
ing grounds for these undesirable signals. 
Therefore, you must now account for those 
parasitics you could previously ignore. 


James K Murashige, Logic Devices Inc 


Parasitic problems, which are rarely overtly obvious, 
musn’t be neglected in your system’s design process. 
If they are, your system may be plagued with bugs, 
glitches, gremlins, and intermittent failures. 

When digital designers encounter system problems, 
they frequently place the blame on the circuit ICs. 
However, IC manufacturers go to great lengths to 
characterize and test their devices. In most cases, it 
is not the ICs that are the main cause of parasitic 
problems. Rather, it is the pc-board interconnects be- 
tween circuit components that prove problematic. 
Compounding the problem further is the fact that to- 
day’s faster ICs are very susceptible to noise. 


Parasitic problems due to pe-board-interconnect wir- _ 


ing are difficult to diagnose and cure because the para- 
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sitics are speed, layout, and material sensitive. It’s 
possible to have thousands of interactions on a typical 
circuit board, and under certain conditions these inter- 
actions can combine to exceed digital noise margins 
and cause false triggering. Unchecked parasitics can 
also increase your circuit’s power consumption, cause 
data loss, and cause devices to fail. By modeling the 
mechanics of parasitic operation early in the system- 
design phase, you can effectively anticipate and sup- 
press problems. 

In essence, electronic design involves the use of com- 
ponents to control, convert, and manipulate voltage 
and current to develop a useful function. Designers 
must therefore characterize electronic components in 
terms of how they interact with and relate to voltage 
and current. The defining relationships are resistance, 
capacitance, and inductance. 

In the real world, no component is a pure resistance, 
capacitance, or inductance—all devices exhibit a mix- 
ture of R, C, and L. One of these components usually 
predominates; the others are considered parasitics. 
Wiring, whether discrete or printed, also contains R, 
C, and L components. 

Resistance is the least troublesome parasitic because 
it has no dependence on speed. Even if the C and L 
quantities are quite small, parasitic capacitance and 
inductance cause a great many problems because they 
define a differential relationship between voltage and 
current. 

The parasitic values of R, L, and C in circuit-board 
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In the real world, no component is a pure 
resistance, capacitance, or inductance—all 
devices exlibit a mixture of R, C, and L. 


wiring are interrelated. A study of the makeup of resis- 
tive, capacitive, and inductive parasitics (Fig 1) makes 
it much easier to minimize their effects. 

Copper-clad, glass-epoxy boards are typically used 
to achieve the desired high conductivity/low resistance 
qualities so important to wiring. Copper-foil thickness 
is customarily specified as the number of ounces of 
pure copper per square foot of board area. Each ounce 
contributes 0.00135 in. of thickness to the cladding. 
Parasitic resistance has a low value—a 10-mil-wide 
trace on a 2-0z copper-clad board has a resistivity of 
only 2.27 mQ/linear in. Also, because resistivity is in- 
versely proportional to the cross-sectional trace area, 
increasing cladding thickness or widening the trace 
proportionally lowers resistivity. 

Parasitic capacitance arises because a circuit trace 
is one plate of a pe-board capacitor. Adjacent circuit 
traces, or inner layers of a multilayer board, are the 
other plates. The dielectric material for this parasitic 
capacitor is air and/or the board material itself. Dielec- 
tric constants vary for different board materials (it’s 
about 5 for commonly used G10 epoxy boards). You 
can calculate board capacitance using the expression 


C=KA/d, 


where K equals dielectric constant, A equals the plate’s 
surface area, and d equals the distance between the 
plates. Obviously, capacitance will be greatest over a 
large plate area with minimal plate separation. For 
example, a 10-mil-wide trace has a parasitic capacitance 
of 1.2 pF /linear in. of trace; the capacitance will double 
for a 20-mil-wide trace. 

The self-induced magnetic field generated around a 
circuit trace carrying a current produces the parasitic 


Fig 1—You can minimize parasitic prob- 
lems by thinking of the pc board as a compo- 
nent. As the electrical-equivalent circuit il- 
lustrates, traces are really comprised of a 
combination of resistance, capacitance, and 
inductance. 


10 MILS 
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inductance. Parasitic inductance is dependent on the 
length, width, and thickness of the trace as given by 
the expression 


1=length/(width + thickness). 


A 10-mil-wide trace will have an inductance of approxi- 
mately 17.5 nH/in. Note that the above expression 
indicates that inductance will decrease as you increase 
either trace width or cladding thickness. 

The simplified case of using a 10-mil-wide trace gives 
you some working values for R, C, and L, and also 
determines the qualitative effects of varying trace ge- 
ometry. Though these parasitics have low values, they 
can become significant when you’re working with high- 
speed signals. Digital-system designers should pay par- 
ticular attention to the areas of power distribution and 
signal transmission. 


Proper power distribution is critical 


To operate at high speeds, ICs must, when switch- 
ing, supply high levels of drive current on their out- 
puts. Internal IC circuitry will draw more power when 
activated for full-speed operation. It is relatively sim- 
ple to design a board’s power-distribution system so 
that it satisfies steady-state conditions. However, 
parasitics in the system can cause momentary current 
limitations and supply-voltage drops. These transient 
conditions can show up in the signal outputs or couple 
through the power-distribution system to adjacent de- 
vices in the circuit. 

To illustrate parasitic problems, consider the task 
of supplying power to an L7C185 8k x 8-bit static RAM 
(Fig 2a). Here, the L7C185 sits 6 in. away from an 
ideal 5V supply. Vcc is routed to the RAM along a 


2.27 MQ/IN. . 40 nH/IN. 


a 


< 0.18 pF/IN. 


G10 GLASS-EPOXY BOARD 


COPPER GROUND PLANE 
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6-in.-long, 10-mil-wide trace, while a second 10-mil- 
wide, 6-in.-long trace provides the ground return. Each 
trace will have a parasitic resistance of 6 xX 27 mQD = 162 
mQ, and an inductance of 617.5 nH=105 nH. The 
L7C185 draws a quiescent current of 20 mA; for full- 
speed operation, it requires 160 mA. 

Because a 160-mA current will introduce only a 26- 
mV drop in both the Vcc line and the ground return, 
the RAM’s parasitic resistance will be negligible. The 
RAM’s Vec value will be 4.948V. However, parasitic 
trace inductance can cause problems because, as its 
defining equation V = Ldi/dt illustrates, rapidly chang- 
ing current through an inductor produces significant 
voltage drops. For example, a 20-nsec read operation 
from the L7C185 will generate an inductive voltage 
drop of 105 nH x 140 mA/20 nsec=0.785V across both 
traces, leaving only 5—1.47=3.53V at the RAM’s sup- 
ply pin. Such a low value can lead to signal transients 
or cause data loss until Voc can stabilize. 

A more serious condition exists when the RAM pow- 
ers back down and tries to stop the current flow. The 
sudden decrease in current generates a large negative 
voltage spike across the trace-inductive reactances 
relative to the power supply. For a 20-nsec off time, 
the chip’s instantaneous voltage will be 5+1.47 
=6.47V. The result is the creation of signal transients 
that may overstress and damage the IC. 


Good layout can make a difference 


There are several solutions to the problem of para- 
sitic inductance in power distribution, the most obvious 
being to widen the power traces. Widening power 
traces from 10 to 100 mils decreases inductance to 13.1 
nH/in. In fact, the most effective board layouts employ 
multilayer boards, which have separate power and 
ground planes. In addition to providing the lowest pos- 
sible inductance, this separate plane approach also sim- 
plifies the design of the power-distribution system. 

The best solution to trace-inductance problems uses 
bypass capacitors to provide localized power sources 
for each IC. By physically locating decoupling capaci- 
tors next to each IC, you shorten the Ic¢c current loop 
to the physical length of the traces between capacitor 
and IC (Fig 2b). You can reduce trace length even 
more by using modern under-the-chip capacitors, which 
attach directly to the IC power pins—virtually reduc- 
ing the trace length to zero (Fig 2c). 

Before you can calculate minimum capacitor values, 
you must first establish an acceptable variation in the 
chip’s supply voltage and then apply the defining equa- 
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6 IN. 
Sees SPEER OR RRR 


R=162 mQ 
L=240 nH 


Fig 2—Proper decoupling techniques can significantly reduce para- 
sitic problems. The design goal here is to minimize the effects of 
parasitic inductance by keeping the Icc current loop as short as 
possible. 


tions for capacitance. Most modern ICs are specified 
to operate with a5V +10% Voc. While a 0.5V variation 
may be acceptable if you’re considering only one IC, 
it may be too high when you consider the contributive 
effects of neighboring ICs switching at the same time. 
In memory systems, for example, simultaneous access 
to banks of eight or 16 devices is quite common. In 
this case, it is wise to hold the supply variation to 
0.05V. Using the previous full-speed-operation figures 
of 140 mA and 20 nsec for current and switching time, 
respectively, the calculations yield a capacitance value 
of 0.056 pF. . 

By shortening the inductive trace length, decoupling 
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Digital-system designers should pay particu- 
lar attention to power distribution and SIg- 
nal transmission. 


capacitors also minimize overstress voltage by absorb- 
ing any inductive voltage spikes. In essence, you can 
think of decoupling capacitors as temporary current 
storage devices that help to smooth peak IC current 
demands. 

Designers typically employ standard-value 0.1-pF 
capacitors for decoupling service. So why not use larger 
capacitors to reduce supply-voltage variations even fur- 
ther? There are a number of reasons, all of which are 
related to capacitor characteristics. The first has to 
do with size considerations—it’s simply more difficult 
to physically place large capacitors close to ICs. Sec- 
ond, construction limitations increase the parasitic in- 
ductance in large capacitors. Large-value capacitors 
can have the equivalent inductance of several inches 
of circuit-board trace and negate the advantage gained 
by using larger capacitance values. 

Finally, there’s the problem of EMI. For maximum 
EMI suppression the decoupling capacitor must reach 
resonance in the frequency range of interest—typically 
30 to 50 MHz. Again, larger-valued capacitors have 
intrinsically larger inductance values. Viewed from the 
standpoint of resonance, this larger inductance value 
lowers both the capacitor’s resonant frequency and its 
EMI suppression effectiveness. Thus, smaller-valued 
capacitors with higher resonant frequencies suppress 
EMI much better. (Ceramic-type capacitors generally 
exhibit the best high-frequency characteristics for EMI 
suppression. ) 

The same interconnect parasitics that cause prob- 
lems in power distribution also plague signal transmis- 
sion, which is not surprising because power distribution 
and signal transmission are functional complements of 
each other. In power distribution, the signal source 
(power supply) remains constant while the load 
changes; in signal transmission, the signal source 
changes while the load stays the same. 

The previous analysis of power-distribution parasi- 
tics used an empirical approach (a lumped parasitic 
circuit model) to solve the problem. The approach 
yielded good results and also simplified the explanation 
of the underlying principles involved. In signal trans- 
mission, however, the principal parasitic effects stem 
from the even distribution of parasitics along a line. 
Therefore, you must use a different approach to ana- 
lyze the problem. Though this new approach involves 
a more involved circuit model, the analysis is applicable 
to power-distribution problems. 

Because parasitic resistance is constant over fre- 
quency, it is generally not problematic. Parasitic ca- 
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IN STEADY STATE V, =5V 
I =16.666 mA 


Fig 3—You must match a line’s characteristic impedance at all 
interfaces if you want to minimize ringing, undershooting, or over- 
shooting problems. 


pacitance and inductance, on the other hand, greatly 
affect signal transmission because of the time-deriva- 
tive relationships they define between voltage and cur- 
rent. 

One bad effect is delay. As a signal propagates down 
a trace it has to charge the distributed capacitors and 
inductors along the way, thereby introducing delay. 
System designers often neglect circuit-trace propaga- 
tion delay when calculating worst-case delay paths. 
Instead, they focus on the source and driver specifica- 
tions of the circuit’s ICs. Unfortunately, trace-propaga- 
tion delay can become a significant factor in high-speed 
systems that require large loads or critical timing re- 
quirements. 

Assuming you have an ideal signal source, the propa- 
gation delay Tpp through a line will be equal to VLC. 
Returning to the 10-mil-wide trace example in Fig 2A, 
the delay per unit length calculates out to Tpp= 
V17.5 nHx1.2 pF=0.145 nsec/in. The trace delay 
itself is small, but when it’s combined with even moder- 
ate loading values it can create large signal delays. 

When you're working with MOS circuitry, for exam- 
ple, loading is principally capacitive. You can evaluate 
the effect of this loading by applying the formula for 
Tpp to a calculated bulk value of C and L. Doing so, 
you obtain Tpp = V L(C7+C,) = V(LCy) +(LC,), where 
Cy equals total trace capacitance and C, is the total 
capacitive load value. Cy is usually much smaller than 
C,, SO Tpp will be predominantly caused by the parasitic 
trace inductance combined with load capacitance—the 
LC, factor. 

To illustrate delay problems, consider the design of 
a memory array utilizing a single source to drive eight 
L7C185 SRAMs (static RAMs) and in which similar 
signals (such as addresses) are daisy chained from one 
chip to the next. Each L7C185 presents a 5-pF load 
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on each input. With eight SRAMs in parallel, the total 
load capacitance equals 40 pF. If the circuit board is 
laid out well, the SRAMs will be located close to each 
other to keep trace lengths to a minimum. 

Assuming that you can use a 6-in. length of 10-mil 
trace to connect all the RAMs, the trace contributes 
a capacitance value of 7.2 pF and an inductance of 105 
nH to the delay calculation. Total Tpp then becomes 
V105 x 7.2+40=2.23 nsec. The example illustrates 
that trace inductance and IC load capacitance are in- 
deed the major contributors to signal delay, with trace 
capacitance making only a minor contribution. It’s obvi- 
ous that, as with power distribution, propagation delay 
occurs because trace inductance retards the instantane- 
ous flow of current. Therefore, the best way to mini- 
mize propagation delay is to minimize trace inductance 
by maximizing trace crosssectional area—by widening 
trace widths or paralleling trace runs. 


Bring characteristic impedance into play 


Because of the time-derivative properties of the dis- 
tributed capacitance and inductance along the trace, 
voltage and current propagating down the trace main- 
tain a fixed-phase relationship to each other. Given 
this fixed-phase relationship, you can use characteristic 
impedance, expressed by the relation V L/C, to model 
traces for signal-transmission analysis. 

A second, more serious consequence of parasitic ca- 
pacitance and inductance is the introduction of signal 
transients. These transients arise because of the reluc- 
tance of the distributed capacitance and inductance to 
allow instantaneous changes in voltage and current 
along the trace. 

Signal transients—in the form of undershoot, over- 
shoot, and ringing—can occur unless you match the 
characteristic impedance of a trace at its interfaces. 
Reflected voltage and current wavefronts generated 
to satisfy boundary conditions generate these tran- 
sients, which can cause false switching, increase power 
dissipation, and generate EMI. 

To illustrate the problem, consider the case of a 5V 
signal propagating down a 1000 line terminated with 
a 3000 load (Fig 3). Initially, a 50-mA current front 
(5V/100Q) follows the voltage front as it propagates 
down the line. When the fronts reach the 3000 load, 
a discontinuity develops—a 50-mA current is flowing 
through the line, but 5V into 3000 equals only 16.7 
mA. To satisfy this boundary condition, fronts of 2.5V 
and —25 mA reflect back down the line toward the 
signal source. The load voltage is now 5+2.5=7.5V 


EDN March 29, 1990 


Z, =RpllRglZi 


Zi =AelZy 


Z, =AglZy, 


Z. =Rall Zi. 


Zcapacitor ~ 9 


Zs =Rs +Zis 


Fig 4—There are many impedance-matching techniques available 
to solve transient problems. Though load-matching schemes (a), (6), 
(c), (d) are usually the preferred choice, you must turn to a source- 
matching scheme (e) when you’re dealing with multiple loads. 


and current is 50—25 mA—values which satisfy the 
boundary conditions. 

Back at the source, the reflected voltage and current 
fronts must again satisfy boundary conditions. Doing 
so may lead to more reflected waves. In time, the 
oscillations decay, and the line will achieve a steady- 
state condition of 5V throughout its entire length with 
a current flow of 16.6666 mA. A matching load of 1000 
would have satisfied boundary conditions and created 
no reflected waves. 

Line reflections occur anytime signals are transmit- 
ted along unmatched lines. However, they only cause 
problems when they fail to coincide with the edge of 
the driven signal, a condition which arises when the 
signal rise time is faster than the period over which 
the reflections dampen out. To simplify reflection-mag- 


149 


The most effective solution to trace-induc- 
tance problems uses bypass capacitors to pro- 
vide localized power sources for each IC. 


nitude calculations, it’s useful to define a reflection 
coefficient p where Vyrefectea) = PVicneidenty: In general, 
you can derive p by satisfying boundary conditions as 
follows. 

The voltage and current initially flowing through the 
line are V; and V;/R,. At the boundary, the termination 
impedance, R,, equals V,/I,. After reflection occurs, 
V,/I,= R;,.Given this relationship, you can calculate the 
reflection coefficient as 


(R, oh RR, + R,). 


An examination of p yields several bits of informa- 
tion. If R, is greater than R,, positive voltage reflec- 
tions will occur. Negative voltage relections occur 
when the opposite is true. For an open-circuited line, 
R, dominates and p= +1. In this case, V,=V;, and the 
termination interface will generate a reflection of 2V.. 
High-impedance terminations such as this can possibly 
create overvoltage conditions and increase power con- 
sumption because of the higher voltage levels they 
generate. Sufficient overvoltage levels can damage the 
input of ICs or induce latchup in a CMOS device. With 
a short-circuited line, R, dominates and p= —1. There- 
fore, V.=—V;, which negates V;. Negative voltage 
reflections can cause false switching action when you're 
dealing with multiple signal edges. 

When line and load impedances are matched, there 
are no transmission problems. Voltage reflections ping- 
pong along the line, attenuating themselves by p each 
time they reach the source or load. The reflections 
eventually decay to zero and the line achieves steady- 
state conditions. The decay time of the voltage reflec- 
tions depends entirely on the reflection coefficients p 
at either end of the line and the amount of propagation 
delay down the line. 


Choosing a suppression technique 


You can suppress transmission-line transients by 
matching impedances at either the source or the load. 
Load matching is the best option because it allows you 
to minimize source impedance, which enhances drive 
capability and improves signal rise time and de drive 
capability. Typically, the load will be the high-imped- 
ance input of a MOS IC, which means you’ll have to 
lower load impedance to match the line impedance. 

There are several ways to lower load impedance. 
One utilizes an active termination employing a pull-up/ 
pull-down resistor network (Fig 4a). The effective load 
impedance equals the parallel combination of Rp, Rp, 
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Ze =15.90 Zic =50- 1009 


AT 1 mHz | 


Z, =ZcllZi¢ =12.06 TO 13.72 


Fig 5—Transient problems in power-distribution systems are sig- 
nificantly reduced when you use decoupling capacitors to minimize 
load-impedance variations. 


and the output impedance of the IC. In addition to 
matching impedances, this technique also establishes 
an active termination voltage, which can be used to 
help a weak source driver with rise-time and fall-time 
performance. The matching technique does have one 
drawback, however: there’s a de current constantly 
being dissipated through the termination resistors. 

A second load-matching approach uses just a pull-up 
(Fig 4b), or pull-down resistor (Fig 4c). Either of these 
schemes solves the dissipation problem, but weaker 
source drivers will have problems with the additional 
load imposition, especially if multiple load paths are 
involved. 

You can avoid all de loading problems by using an 
ac-coupled load-termination scheme (Fig 4d). During 
the switching phase, the capacitor is virtually transpar- 
ent, and the pull-down-resistor impedance combines 
in parallel with the load impedance to match the line 
impedance. Under steady-state conditions, the capaci- 
tor blocks any current flow and removes the resistive 
load from the circuit. You choose the capacitor value 
to achieve a minimum impedance at the voltage-reflec- 
tion frequency Vyp =1/2Tpp. 

To this point we’ve considered only a single imped- 
ance discontinuity at the load. In a typical system, 
however, discontinuities may occur anywhere there is 
a physical change in the transmission path. Such 
changes occur when you split a trace to drive multiple 
IC inputs, widen or narrow a trace, or pass through a 
connector. 

With several discontinuities in each line or with mul- 
tiple load locations, it may become impractical to match 
all load impedances. If so, you must opt for source- 
impedance matching. Typically, the signal source em- 
ploys a low-impedance driver, so you must raise the 
network’s source impedance to match that of the line. 
To raise the source-output impedance you simply add 
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a series resistor at the driver output (Fig 4e). 

Again, power distribution and signal transmission 
are complements of each other. You can see the rela- 
tionship by applying the impedance-analysis techniques 
to power distribution (Fig 5). As the figure shows, the 
power-supply voltage remains constant while the im- 
pedance of the load varies. Voltage reflections and fluc- 
tuations occur during the transition between steady- 
state conditions. In order to minimize transients, there- 
fore, you must minimize the factors that cause fluctua- 
tions from a steady-state condition. 

Load impedance is the variable factor in power distri- 
bution, so your goal is to minimize load variations. 
Adding decoupling capacitors minimizes impedance 
variations because the capacitors become the dominant 
factor in the load-impedance equation. For example, 
assume that an IC being powered by the 5V power 
supply varies its current consumption from 50 to 100 
mA. Correspondingly, the IC’s output impedance var- 
ies from 100 to 50Q—a 100% variation. At 1 MHz, a 
0.01-uF decoupling capacitor has an impedance of 
15.90. When you consider the parallel combination of 
capacitive and IC impedances, the load will now vary 
from 12.06 to 13.720—a 13.8% variation—which will 


lead to significant reductions in voltage transients. 
EDI 
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Design Feature 


_ Optimize code for 
vector / parallel 
computers 


Despite advances in vector/parallel-proces- 
sor throughput, you should still carefully 
analyze your program to identify potential 
areas for improvement. By following a de- 
fined plan, you can optimize your unmodt- 
fied code with a minimum of effort. Then 
you can make minor changes to the source 
code to further improve throughput. 


Howard W Page, Paul C Norris Jr, 
and Gary Brooks, Convex Computers 


You can significantly increase the speed of many com- 
puter programs by rewriting the code with the target 
computer’s architecture in mind. However, you may 
be unable or unwilling to do so if you’re unfamiliar 
with the internals of the code. The following optimiza- 
tion method, which makes use of a profiler, will ensure 
that your code runs optimally on a vector/parallel su- 
percomputer such as a Cray or a Convex without re- 
quiring that you change the source code. Profilers pro- 
vide routine-level or loop-level execution profiles. A 
routine-level profiler is standard with Unix BSD4.2. 
After using this method, you might achieve even faster 
throughput by finding and optimizing some common 
programming oversights in the source code. 
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The first step to optimizing your code without chang- 
ing it is compiling the program without any vectoriza- 
tion or parallelization. Then use the profiler to obtain 
a scalar runtime profile. This profile is a table of sub- 
routines that lists the percentage of the total runtime 
the program spends in each subroutine, the number 
of seconds of CPU time for each subroutine, the num- 
ber of times the program calls each subroutine, and 
the number of milliseconds per subroutine call. Table 
1 is an example of such a profile. 

Note that the fspher and furim routines account for 
more than 93% of the total runtime. Therefore, optimiz- 
ing these two routines would give the greatest benefit 
for the least effort. Getting fspher to go one-and-a-half 
times faster would result in a 23% speed increase, 
whereas getting lambda to go four times as fast would 
only result in a 1% speed increase. 

After getting a runtime profile of the unoptimized 
scalar code, compile the program with vectorization 
turned on. Vectorization results in single instructions 
operating on multiple data elements. Another process, 
parallelization, results in multiple instructions working 
on multiple data elements simultaneously. You can vec- 
torize in one of two ways: (1) vectorize only those 
routines high in the profile or (2) vectorize everything. 
Vectorizing only routines high in the profile involves 
fewer comparisons; vectorizing everything generally 
leads to slightly faster code. In either case, the goal 
is to compare the scalar and vector runtimes for each 
routine. After vectorizing the program, profile the vec- 
torized compiled code. Table 2 shows the profile for 
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To find where your code could most benefit 
from optimization, compile it with and 
without vectorization and compare the run- 
time profiles. 


this same code with all subroutines vectorized. 

Note that vectorization increased the speed of the 
first three routines—furim runs in one seventh the 
time, fspher runs in a little less than half the time, and 
lambda runs in almost one fifth the time. Note, too, 
that some of the less-often-run routines actually run 
slower after vectorization. 

The lengthening of these routines is usually due to 
short vector lengths in loops. When the compiler can’t 
discern the loop length, it vectorizes short loops. Be- 
cause the compiler might vectorize some of these loops, 
you should be selective in choosing which subroutines 
to vectorize. Although vectorization yields some im- 
pressive speed increases, the overhead for vectorizing 
short loops can cause these loops to use more CPU 
time than they would have used as scalars. 

For very short loops, the overhead that the vector 
registers use can swamp any gain you might realize 
from using vector registers rather than scalar regis- 
ters. The parallel-processing overhead is usually 
at least an order of magnitude greater than that for 
vectorization. Therefore, it’s imperative that you 
gather loop-length statistics. 

Two other techniques for generating optimal un- 
modified code are also worthy of your consideration. 
One is subroutine in-lining, which is replacing a subrou- 
tine or function call in a parent routine with the actual 
code from the called routine. Some Fortran compilers 
in-line code automatically. There are two reasons for 
in-lining. 

The first reason is to eliminate the overhead of call- 
ing a routine. The overhead for a subroutine call is 
computer-dependent. On a Convex computer, this 
overhead is on the order of tens of microseconds. Two 
general guidelines will help you determine whether 
eliminating this overhead would yield a noticeable in- 


Pocenst Time | 
time spentin | Cumulative 
_ Subroutine | spentin | subroutine} time 

name Subroutine} (sec) | (sec) 
form es : ae 
_fspher_ | 
__lambda_ 
—cvtmot_ 
— _molvir_ 
mcount — 
_tabx6__ 
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crease in speed on a benchmark. On a Convex com- 
puter, the subroutine mcount gathers profiling statis- 
tics. To justify in-lining, mcount should take up more 
than 10% of the total CPU time. Also, the number of 
calls to an in-lining candidate should be at least in the 
hundreds of thousands for code that runs in a few 
minutes. Both the total time and the number of calls 
are indications of the CPU spending lots of time 
branching to subroutines. In the previous profiling ex- 
ample, the number of subroutine calls is too small for 
in-lining to be effective. 


Theory and practice disagree 


The second reason for in-lining is that it affords you 
the opportunity to increase optimization in the parent 
routine after you pull the child routine’s code in-line. 
Programming theory suggests that when the program 
calls the child routine inside a loop, the loop has a 
chance to vectorize or parallelize. But subroutine or 
function calls inside the loop generally prevent auto- 
matic vectorization and parallelization. 

In practice, in-lining rarely yields impressive speed 
increases because subroutines often have complicated 
structures. At best, you could increase the speed of a 
subroutine by a factor of two. Contrast this increase 
with the 4- to 8-fold increases from vectorization. Also, 
because most subroutines employ nested loops, code 
that consists of a loop with a subroutine call in it can 
seldom vectorize after in-lining. On the other hand, 
vectorizing can occur in highly modularized code. 

A small DO loop such as 


DO [=1,4 
A(I) = 0.0 
END DO 


runs faster on most supercomputers with scalar optimi- 


Table 2 — Profile of vectorized code 


Number 


time | spentin |Cumulative| of | Time/_ 
spentin |subroutine| time subroutine | call 
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zation than with vector or parallel optimization. An- 
other way to generate optimal unmodified code is loop 
unrolling, which can speed the scalar loop a bit more. 
When unrolled, the DO loop becomes 


A(1) = 0.0 
A(2) = 0.0 
A(8) = 0.0 
A(4) = 0.0 


Loop unrolling eliminates the overhead associated with 
incrementing the loop index or deciding when to termi- 
nate the loop (executing a test and branch). 

For fixed-length loops, the supercomputer’s scalar/ 
vector crossover point determines whether to run the 
code in scalar, vector, or parallel mode. If the loop 
length changes while the program is running or if a 
loop has a low minimum and high maximum range, you 
must use a method called dynamic runtime selection. 
This DO loop, 


DO I=1,N 
A(I) = 0.0 
END DO 


has the following equivalent dynamic runtime-selection 
code: 


IF (N .LE. Q) THEN 
c where Q is equal to the computer’s scalar/vector 
¢ crossover 
e Scalar directive forces loop to run scalar 
C$DIR SCALAR | 
DO I=1,N 
A(I) = 0.0 
END DO 
ELSE 
e Go ahead and vectorize this loop 
DO I=1,N 
A(I) = 0.0 
END DO 
END IF 


Some compilers can unroll loops and create dynamic 
selection code. These compilers let you generate code 
without modifying the source. 

Short loops need special attention because of the 
overhead that vectorization and parallelization add to 
these loops. To determine which loops are short, use 
a loop-level profiler. This tool will tell you (1) the length 
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of each loop, (2) how much time is spent executing 
each loop, and (3) how many times the loop is executed. 
When profiling loops, remember the law of diminishing 
returns—concentrate on loops in routines that are high 
on the routine profile. 

Unfortunately, loop-level profilers are not always 
available for vector/parallel computers. Therefore, you 
may have to write and insert profiling code yourself. 
The following code is shown before and after inserting 
profiling and debugging statements, or instrumenta- 
tion. 


SUBROUTINE TEST 
&(GRP,ROW,Q,X,AVER,COV) 

INTEGER GRP, ROW 

REAL Q(100,100), COV(6,6,100), X(100,100,6), 
& AVER(6,100) 

DO 200 GRP =1,100 

DO 100 ROW =1,100 

Q(ROW,GRP) =COV(1,1,GRP)* 
&(X(ROW,COL, 1)-2.0* AVER(1,GRP)) 

CONTINUE 

CONTINUE 

RETURN 

END 


100 
200 


The instrumented code: 


SUBROUTINE TEST 
&(GRP,ROW,Q,X,AVER,COV) 
CONVEX SHOWTIME ... 
COMMON / _TIME_ / —TIMES_ , 
& COUNTS 
c eputime is cpu timer with microsec accuracy 
REAL*4 _TIMES_(999) , CPUTIME 
& _TEMPTIME_— 
INTEGER*4 _COUNTS_(0:128,999) , 
eet yp | 
INTEGER*4 _LEN— 
CONVEX SHOWTIME ... 
INTEGER GRP, ROW 
REAL Q(100,100), COV(6,6,100), X(100,100,6), 
& AVER(6,100) 
DO 200 GRP =1,100 
CONVEX SHOWTIME ... 


(dQ. + ui SoBe 
MIN( —LEN_ , 128 ) 
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ae eS 
In-lining subroutines is not as effective as 
you mught expect because the routines often 
have complicated structures. 


—LEN_ = MAX(_LEN_ , 0) 
—COUNTS=(_LEN:: 3.1) =\_GOUNTS_ 
& (_LEN_,1)+1 
—TEMPTIME_ = CPUTIME(0.0) 
DO 100 ROW = 1,100 
Q(ROW,GRP) = COV(1,1,GRP)*(X(ROW,COL,1) 
&-2.0* AVER(1,GRP)) 
100 CONTINUE 
CONVEX SHOWTIME ... 
—TIMES_( 1)= —TIMES_( 1) + 
&CPUTIME(_TEMPTIME_ ) 
CONTINUE 
RETURN 
END 


200 


The loop-level profiler gathers timing information 
each time the program calls a subroutine and places 
cumulative times in a common block. Periodically, the 
profiler writes this common block out to a file. Rather 
than running long programs to completion, you may 
want to stop the code when you're sure the profile 
will not change significantly by letting the code run 
further. By cutting the runtime, you can examine a 
job that would normally take hours of CPU time after 
a few minutes. You can also determine which loops in 
a given subroutine take up a lot of CPU time. 

Unfortunately, this approach is intrusive. The com- 
piler can’t interchange the GRP and ROW loops in the 
instrumented code due to calls to the timing routines. 
Use a tool that runs at either the assembler or compiler 
level to instrument your code nonintrusively. Convex’s 
CXpa is such a tool. 

After vectorizing, performing dynamic selection, and 
loop unrolling, you’ve done all you can to ensure that 
your unmodified code is running optimally in vector 
mode. 


EAP isn’t automatic 


The next step is tuning your code for parallel per- 
formance. Typically, vector/parallel compilers only per- 
form efficient automatic parallelization (EAP) in two 
instances. First, for loops of sufficient length (on a 
Convex computer, more than 256-elements long), the 
compiler can strip-mine the code in parallel. Thus, the 
computer executes vector strips on separate heads. 
This process is called loop spreading. Alternatively, 
nested loops that contain no loop-carried dependencies 
(that is, each iteration is independent of all others) 
will have the outermost loop parallelized and the inner- 
most loop vectorized. This process is called concurrent 
outer, vector inner. 
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If the computationally intensive portions of your 
code satisfy one or both of the loop-spreading or concur- 
rent-outer-vector-inner conditions, you can compile 
your code with vectorization and parallelization and 
obtain optimal unmodified parallel code. In other cases, 
however, you might have to closely examine the source 
code and possibly make some changes. 

Program tuning for a parallel system is simply an 
extension of the scheme that you use for vectorization. 
Use a loop-level profiler to identify loops that are long 
enough to run in parallel, then adjust the optimizations 
accordingly. A good parallelizing compiler will gener- 
ate code that balances the computational load between 
all the CPUs in a computer at runtime. For example, 
if there is a loop of length 200 in a program, a naive 
parallelization scheme would produce a vector of length 
128 for one processor and 200-128 =72 for the other. 
This parallelization would yield unbalanced results on 
a 2-processor system, and a 4-processor system would 
offer no additional benefits. Load-balancing for a loop 
of length 200 would result in two vectors of length 100 
on a 2-CPU system and four vectors of length 50 on a 
4-processor system. 

Further tuning involves placing directives on the 
various loops that can potentially run in parallel. For 
example, a Convex compiler has a directive to force a 
loop to run in vector, but not parallel, form. The com- 
piler uses this directive if a loop is long enough for 
vector processing but not for parallel processing. Direc- 
tives control vector and parallel strip-mine lengths. A 
directive even specifies at which three points to cross 
over from scalar to parallel processing, parallel to vec- 
tor processing, and vector to concurrent vector proc- 
essing. 

Other techniques can also increase your code 
throughput. Many of the following tricks have been 
culled from tuning hundreds of benchmarks. And al- 
though these methods require code modification, the 
changes are minimal and let you greatly improve code 
efficiency. 

One common class of problems—with an easy solu- 
tion—is memory-bank conflicts. These conflicts arise 
because Fortran data arrays are stored in column-ma- 
jor order with the first index varying most quickly. 
When accessing data by the second or higher index, 
you must know how the array is allocated in memory. 
A supercomputer’s memory typically comprises a num- 
ber of banks. Each bank has a cycle time of, for exam- 
ple, eight clock cycles. Once a computer reads a word 
from a bank, that bank is busy and the computer can’t 
read from that bank again until eight cycles later. If 
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Making your DIMENSION statements 
ODD can often solve memory-bank conflicts 
and speed throughput. 


the leading dimension of an array is not relatively 
prime to the number of memory banks, or the inter- 
leaving factor, and the second index accesses data, 
memory-bank conflicts will occur. Since interleaving 
factors are almost always powers of two, you will usu- 
ally avoid bank conflicts if you make sure the leading 
indices in the DIMENSION statement are ODD. 

For example, if your code has an array dimensioned 
as A(100,50) and your algorithm accesses A by row, 
then changing the dimension of A to A(101,50) will 
increase your code’s throughput. You can get the same 
effect by reversing the dimensions to A(50,100), but 
implementing this reversal would require more work. 
Some compilers have row-wise directives, which trans- 
parently force an array to be stored in memory in 
row-major rather than column-major order. 

Another way to improve your code’s throughput is 
through matrix inversion. Many codes have comment 
lines that reference the generation of a variable’s in- 
verse to calculate the solution of a system of equations. 
But factoring the matrix and solving a set of equations 
is often faster than computing the inverse directly and 
performing a matrix-vector multiply. Most systems 
provide special library routines for factoring and solv- 
ing systems of equations. Using these library routines 
assures you of getting optimal performance out of your 
system. 

The DO-IF interchange of invariant-IF statements 
may also provide an opportunity to optimize your code. 
An invariant-IF statement is one in which the result 
depends on a value, K, that doesn’t change inside the 
loop. An example of an invariant-IF test is 


DOI =1,N 
IF(K.EQ.0) THEN 
AWD = 0 
ELSE 
AD) =1 
END IF 
END DO 


Note that the test yields the same result regardless 
of the value of I. 

Most compilers can fully vectorize this code, and the 
compiler messages could easily dupe unsuspecting us- 
ers into concluding that their code is running quickly. 
However, by moving the invariant-IF test outside the 
DO loop, the slower conditional statement executes 
only once. 
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IF(K.EQ.0) THEN 
DOI =1,N 
AWD) = 0 
END DO 

ELSE 
DOI =1,N 
Ad) = 1 
END DO 
END IF 


The same idea works with boundary conditions. The 
IF test is of the form IF(I.EQ.1) or IF(I.EQ.N). Once 
you restructure the code to separate the loop into one 
or two pieces for the boundary condition and one for 
the inner points, the code runs much faster. These 
changes also increase the code’s speed on serial proces- 
SOrs. 

Transformations that involve redundant subroutine 
calls at the DO-CALL interchange are a bit tricky. 
Due to the compiler promoting parameters to vectors 
across that interchange and the resulting bookkeeping 
difficulties, these transformations can take more than 
a bit of typing and debugging. When the main program 
calls a subroutine within a loop and in-lining the sub- 
routine doesn’t yield additional vectorization (usually 
due to DO loops within the subroutine), you can realize 
substantial performance gains. These gains result from 
pushing the DO loop into the subroutine and doing 
additional loop distribution. For example, 


DOI =1,N 
CALL TEST(A,B,C) 
END DO 


becomes 
CALL TEST(A,B,C,N) 
Subroutine TEST will look something like 


SUBROUTINE TEST(A,B,C,N) 
DOI =1,N 


This transformation usually involves promoting nu- 
merous scalar variables to dimensioned variables. You 
should practice patience and use a source-code revision- 
control system of some sort when attempting it. 
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Harris’ FCTs Make 
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Shhhh. Harris’ new 
FCT logic family 
features low noise plus 
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That's a peaceful thought 
when you consider that 
high speed in FCTs used 
to mean high noise and 
high chance of error. 
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Turn Good 
Ideas Into 
Good 
Articles 


With EDN'’s FREE 
Wniter’s Guide! 


Would you like to get paid for sharing 
your clever engineering ideas and 
methods with your professional col- 
leagues? If so, then send for EDN’s 
new FREE writer’s guide and learn 
how. 

You don’t need the skills and 
experience of a professional writer. 
And you don’t need to know publishing 
jargon. All you do need are a little per- 
severance, your engineering skills, and 
the ability to communicate your ideas 
clearly. 

Our new writer’s guide takes the 
mystery and intimidation out of writ- 
ing for a publication. It shows you 
how to write for EDN using skills you 
already have. Plus, it takes you step-by- 
step through the editorial procedures 
necessary to turn your ideas into 
polished, professional articles. 


Get your FREE 
copy of EDN’s 
writer’s guide by 
circling number 
800 on the Infor- 
mation Retrieval 
Service Card 

or by calling 
(617) 964-3030. 


These transformations often yield impressive per- 
formance improvements in vector processing, but you 
must use the exact opposite approach for parallelizing 
code. The reason is that you want to get at the inner- 
most set of calculations for vectorization but need to 
see the “big picture” for parallelization. Unfortunately, 
Fortran and C parallel compilers generally miss the 
big picture since they don’t perform interprocedural 
analysis. 

Ideally, if a program calls a subroutine 1000 times, 
you'd break your code into 1000 pieces and run each 
piece in parallel on separate processors. This process 
is called macrotasking. In contrast, once you start mi- 
crotasking your program (parallelizing at the loop 
level), you reduce the amount of parallel benefit avail- 
able to your program. Until interprocedural analysis 
becomes standard in Fortran and C compilers, it’s up 
to you to look for large bits of code with parallel poten- 
tial. To run a subroutine in parallel, you must make 
sure all local variables in the subroutine are separate 
for each processor. Usually, you can do so by making 
the subroutine re-entrant. Further, you can inform the 
compiler, usually via directive, that it can process the 
subroutine in question in parallel with other subrou- 
tines or tasks. 
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Voltage Noise 0.50 0.38 0.23 0.38 0.50 
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Resistor Noise 0.55 0.55 0.55 0.55 0.55 
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Linear’s new LT1097 sets a new 
standard in low price, low power 
precision performance. It has only 
one grade—precision. And only 
one price—97¢ in thousands. The 
front page specs on most op amp 
datasheets are for the highly selected 
expensive grades. The specs for 
their low cost parts are buried deep 
in the datasheet. The LT 1097 pro- 
vides a max offset voltage of 50uV, 
picoampere bias and offset currents 
at 560A max supply current. 

The performance of the difference 
amplifier as outlined in the table 
illustrates why the LT1097 is the ideal 
replacement for the OP77, AD707, 
OP177 and OP97—lower total 
errors, lower noise, lower drift, 
lower supply current—all at a lower 
price. For improved price/perfor- 
mance take a hard look at Linear’s 
new LT1097 op amp. 

For more details contact Linear 
Technology Corporation, 1630 
McCarthy Blvd., Milpitas, CA 95035. 
Or call 800-637-5545, 
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DESIGN IDEAS 


EDITED BY ANNE WATSON SWAGER 


Meter quickly measures low-speed rpm. 


David Sherman 
David Sherman Engineering, Everett, WA 


The tachometry circuit in Fig 1 accurately measures 
rotating machinery’s surface speed in one revolution 
by taking the reciprocal of the period. The circuit pro- 
duces an analog voltage that directly corresponds to 
the surface speed of a rotating drum or disk in ips. If 
you add the appropriate scale factor, the circuit will 
yield an output proportional to rpm. 


The circuit’s component values allow it to measure 
the rotation of a 6-in.-diameter drum with a single 
optointerrupter hole. The drum rotates anywhere from 
3.2 to 320 rpm, which equals a surface speed of 1 to 
100 ips. The circuit’s corresponding output voltage 
ranges from 0.1 to 10V. 

You must attach a pulse source, such as the optoin- 
terrupter formed by D, and R,, to the machinery. This 
source should generate a pulse for each revolution. Q, 
drives a timing network, which generates a pair of 


 \MEER 
WOVFULLSCALE = 


Fig 1—This ips meter relies on a transconductance multiplier, IC;, to generate a voltage inversely proportional to the period of rotation. 
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1-msec-wide, sequential, nonoverlapping pulses—RE- 
SET and SAMPLE—from the falling edge of each opto- 
interrupter pulse. These two signals control the opera- 
tion of the integrator comprising IC,,, C,, and Ri 
through analog switches IC,,4, IC,, ICic, and ICip. 
The integrator in turn drives a S/H circuit consisting 
of another pair of switches, C., and a buffer amplifier. 

If neither RESET nor SAMPLE is low, a current 
equal to Vprr/R, steadily charges C,. When the optoin- 
terrupter generates a trigger pulse, SAMPLE goes low 
and switches IC,p and IC,, turn on momentarily, thus 
sampling the integrator’s output voltage and storing 
it on C;. Once SAMPLE goes high, RESET goes low, 
thus turning on IC,, and IC,,;, which resets the integra- 
tor (IC,, and IC, are connected in parallel to reduce 
their combined on-resistance). This sequence of events 
generates a de voltage, Vpgriop, proportional to the 
period of rotation at the output of the buffer amplifier, 
ICz,. IC;, a transconductance amplifier, acts as a 2- 
quadrant multiplier; it produces an output current pro- 
portional to the product of its input voltage and bias 
current. Since the output of this stage is a current, the 
voltage gain is a function of the load resistance. Thus, 
R, serves as a gain adjustment. IC. and its associated 
resistors form a modified Howland current pump and 


bias IC; at a level proportional to IC,,’s output voltage. 
The circuit forces the following relationships : 


Vom = Vrer®Vpgriop X Ipras 


and 
7 Tpras V our- 
Thus, 
Vour X Vegriop®Vrer- 
Finally, 


Vour= K/Vprriop, where K is a constant. 


To calibrate the circuit, run the machine at maximum 
speed and set the offset adjustment for an accurate 
output. Then, run the machine at its slowest speed 
and adjust the scale-factor potentiometer. Repeat this 
procedure until the reading is accurate at both speed 
extremes. 
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DRAM control scheme speeds memory access 


Nagi Mekhiel 
Definicon System Inc, Newbury Park, CA 


By using both page and static-column mode and mem- 
ory-bank interleaving, you can reduce the number of 
clock cycles necessary to retrieve DRAM (dynamic 
RAM) data. A standard DRAM page-mode access re- 
quires a precharge time delay before the controller can 
access a new row and column. Because this type of 
access is the slowest possible, call it SLOW. In static- 
column access, if the controller accesses a new column 
in the same row, it doesn’t have to wait the precharge 
time. This access is the fastest possible; call it FAST. 
Interleaved-access schemes require the controller to 
access a new row and column for adjacent banks. How- 
ever, the DRAM banks alternately precharge, so the 
controller doesn’t have to wait the precharge time be- 
tween each access. The time required for an inter- 
leaved access is somewhere between that required for 
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SLOW and FAST, so call these accesses SLOW1. 

Fig 1’s timing diagram illustrates the various trade- 
offs between these access schemes. Including any nec- 
essary wait states, a SLOW cycle typically takes 6 
clock cycles (PCLKs), a FAST cycle 3 PCLKs, and a 
SLOW1 cycle 4 PCLKs. Designs that combine page 
and static-column access modes feature only FAST and 
SLOW accesses. Interleaved designs feature only 
SLOW and SLOW1 accesses. Thus, the average num- 
ber of clock cycles for a page/static-column design, as- 
suming FAST and SLOW accesses each occur 50% of 
the time, is (3 + 6)/2 =4.5 cycles/access. The interleaved 
design requires (4+6)/2=5 cycles/access, again assum- 
ing SLOW1 and SLOW each occur 50% of the time. 
You could take advantage of both page/static-column 
and interleaved designs by implementing an access 
scheme in which FAST access occur 50% of the time, 
SLOW accesses 25% of the time, and SLOW1 access 
25% of the time. Such a scheme would reduce the 
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3 ,000 qty) 


The opportunity for automated, low-cost assembly is a key = 
benefit of surface-mount technology, but is often wiped out by ~~ “= i 
the high price of surface-mount components. Now, Mini-Circuits offers a new series of 


SCM-1L SCM-2L 


SPECIFICATIONS SCM-1NL SCM-2NL 
(typical) (L=with leads)  (NL=no leads) 


FREQ. RANGE (MHz) 


mixers to meet the pricing demands of SMT... only $3.30 in 1,000 quantity ($3.95 ea. in LO,RF 1-500 10-1000 
quantity of 10)...at a cost even lower than most conventionally-packaged mixers. IF DC-500 5-500 
The SCM-1 spans 1 to 500MHz and the SCM-2 covers 10 to 1,000MHz. Housed in a Sk aay eae aa hee ao 
rugged, non-hermetic 0.4 by 0.8 by 0.3 in. high (maximum dimensions) plastic/ceramic Total Range 7.5 dB 8.0 dB 
package. Spacing between connections is 0.2 in. The mixer is offered with leadS —jggLaTION (aB) (L-R\(L-1)  (L-RY(L+N) 
(SCM-L) or without leads (SCM-NL) to meet a wide range of pc board mounting Low-Band 60 45 45 35 
configurations. , Mid-Band 45 40 35 30 
High-Band 40 35 25 20 


Each SCM is built to meet severe environmental stresses including mechanical shock/ BRICE $3.30 (1000 aty) $4.15 (1000 aty) 
vibration as wel as temperature shock. The operating and temperature storage range Is $4.25 (1-9) $5.45 (1-9) 
-55°C to +100°C. Each SCM, designed and built to meet today’s demanding reliability Units are shipped in anti-static plastic 

requirements, carries Mini-Circuits’ exclusive 0.1% AQL guarantee of no rejects on every — ‘tubes’ or ‘sticks’ for automatic insertion. 

order shipped (up to 1,000 pieces). “NOTE: L & NL suffix for ordering only 


When you think SMT for low-cost production, Not marked on units 
think of Mini-Circuits’ low-cost SCM mixers. 


A Division of Scientific Components Corporation 


PO. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
CIRCLE NO. 78 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 C 115 REV.E 
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average number of clock cycles to (8+ (4+6)/2)/2 or 4 
cycles/access. 3 

Fig 2 shows a scheme for implementing such a combi- 
nation of page, static-column and interleaving designs. 
The design uses multiple banks. Some are kept active 
for the page/static-column mode; others satisfy pre- 
charge-time interleaving. The block diagram divides 
the DRAM into two blocks, A and B, each of which 
have 4M bytes of memory selected by Aso. Each block 
consists of two banks selected by Aj. Each bank con- 


sists of a number of 4k-byte pages. The A and B row- 
address comparators detect an out-of-page access and 
generate the /HSA and /HSB signals. When the A and 
B control blocks sense that these high-speed access 
signals are active, the controller forgoes the precharge 
wait time. 


To Vote For This Design, Circle No. 747 


Fig 1—A DRAM controller that combines page access with the advantages of static-column access and interleaving (described here as 
SLOW, FAST, and SLOW1, respectively) can reduce the average number of cycles per access to 4. 


CPU 
ADDRESS © 
A, 2 A, 


Fig 2—This block diagram represents a desig 
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8M BYTES 


BLOCK A 


4M BYTES. | E 


n that takes advantage of both page/static-column mode and interleaving by keeping some 


banks active for page/static-column mode while others undergo precharging. 
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How do you test a 500 Miz 
Cray3 in a 100 MHz world? 


The Cray3 8 GaAs ICs were too 
Jast for any commercially available testing 
equipment. Except Outlooks. 
The 480 different GaAs ICs used in the Cray 
needed to be tested at speed. There were too 
7 many things — 


backgating effects, 

latching problems — 

that wouldn't show 

up at lower speeds, 

| but caused failures 
at full-out. 

Trouble was, 
the speed at which 
they needed to be 
tested at was about 
five times faster than 
commercially avail- 
able test equipment. 

“Always before, Cray Computer 
Corporation's VP Doug Wheeland explains, 


“We couldn't have tested 
the Cray3's GaAs ICs 
without it!’ — Doug 
Wheeland, V.P., Hardware 
Development, Cray 
Computer Corporation. 


“we used parts off the shelf. But the Cray3 is 
the first time Seymour has designed his own. 
ICs. For awhile it looked like that would mean 
designing our own test equipment, too. 

Until they took a look at Outlook. 

The Functional At Speed Test (FAST) 
system you see here became possible with 
Outlook Technology's high performance logic 
timing analyzers and pattern generators. 

“It’s made at-speed testing of high 
speed ICs possible,’ adds Doug. “We couldn t 
have tested the Cray3's GaAs ICs without it. 

Outlook products include very high per- 
formance logic timing analyzers, and a family 
of digital word generators that reach a 2 GHz 
data rate. 

If you're working out there close to 
the edge and need test equipment fast enough 
to keep up, give Outlook a call. Telephone 
408-374-2990; 


aaxas-33-9273, QUTLGDXK 


Outlook Technology Incorporated, 200 East Hacienda Avenue, Campbell, CA 95008 
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Micro Channel 
Bus Master 


Get your Micro Channel adapter 
boards to market fastest with the 
PLX MCA 3200 Bus Master Chip 
Set. 

This two chip set supplies the 
bus master timing, control and local 
arbitration logic necessary to get 
you up and running at data transfer 
rates of 20Mb/sec. 
Best of all, they’re on the 
shelf now, volume priced at 
only $9.85. 


E $10 Fast-Start Design Kit Offer. 
: Get the jump on your competition. Order 0 Free literature only. 
i our MCA 3200 Fast-Start Design Kit today. CO MCA 3200 Data Sheet 1 900-789-3789 
Simply fill out this coupon and mail it to PLX C1 MCA 3200 Application Note CALL 
F Technology, 625 Clyde Ave., Mountain View, 4 
CA 94043. Or, for same-day shipment, call , 
i 1-800-759-3735. NAME TELEPHONE i 
Kit includes one MCA 3200 Chip Set, com- 
: plete product specifications, and an application ast i 
5 note with example circuits. 
ADDRESS 4 
f PLX Technology, please rush me: ri ERLE ctehs) rea MORIA TG. : 
C11 One MCA 3200 Fast-Start Design Kit. 
: Package Type: O PLCC or O DIP EDN032990 4 
O Payment Enclosed O Bill Me ; 
is ek ce es cs saa ad ee ae 


Micro Channel is a trademark of International Business Machines Corporation. 
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NEW PRODUCTS 


4M-Bit Pseudo-Static RAM 


® Organized as 512k x 8 bits 
@ Has advantages of DRAMs and 

SRAMs 
The HM658512 pseudo-static RAM 
(P-SRAM) combines the high den- 
sity and low cost of a dynamic RAM 
(DRAM) with the interface simplic- 
ity and battery-backup capability of 
a static RAM (SRAM). Organized 
as 512k x8 bits, each memory cell 
of the 4M-bit P-SRAM has one tran- 
sistor and one capacitor, which pro- 
vides the low cost/bit generally as- 
sociated with DRAMs. The device 
features a self-refresh mode that in- 
volves an on-chip timer and address 
counter, which transparently and 
automatically perform the refresh 
operation. Operating at 4V, this 
mode allows the use of a low-power, 
battery-backup function. In a 600- 
mil 32-pin DIP or a 525-mil 32-pin 
SO package, $90 (1000). 

Hitachi America, IC Div, 2000 
Sierra Point Pkwy, Brisbane, CA 
94005. Phone (415) 244-7146. 

Circle No. 351 


Switching Regulators To 
Replace 3-Terminal Types 

@ Rated at 1.5A 

@ Have 90W/in.’ power density 
Called Integrated Switching Regu- 


lators, these devices provide a 
drop-in replacement for most linear 
regulators in TO-3 and TO-220 
packages. A surface-mount package 
is also available. The current-mode 
devices, which operate at a fre- 
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quency of 1 MHz, contain the con- 
trol circuitry, an FET, a Schottky 
diode, and the inductor. Both posi- 
tive and negative types are included 
in the line with voltage ratings of 
5, 12, 15, and 24V. The company 
can also supply other voltages 
within this range as well as a special 
telecom version for —48V_ opera- 
tion. Available initially in 1.5A rat- 
ings, the company will also be offer- 
ing 3 and 5A versions later in the 
year. Featuring a power density of 
90W/in.® and an efficiency of >85%, 
the regulators come in 0.85 x 0.85 x 
0.25-in. packages that normally re- 
quire no extra heat sinking. $12 
(1000). 

Power Trends Inc, 1020 Carolina 
Dr, West Chicago, IL 60185. Phone 
(708) 231-5505. FAX (708) 231-5577. 

Circle No. 352 


High-Side Predrivers For 
N-Channel Power MOSFETs 


@ Operate over a 7 to 36V 
power-supply range 

@ Include protection circuitry 
According to the company, its 
MIC5010/5011 predrivers offer a 
“one size fits all” approach to driv- 
ing power MOSFETs in high-side- 
switching and power-control appli- 
cations. Upon command of the logic 
input, the internal voltage tripler 
boosts the gate drive output as high 
as 20V above the system power 
supply. This action ensures that the 
gate of an external n-channel 
MOSFET switches solidly “on” to 
the system’s high-side power sup- 
ply. Both devices work over a 
power-supply range of 7 to 86V and 
feature overtemperature sensing 
and shutdown circuitry. Option pins 
allow the use of external capacitors 
to boost the switching speed and 
gate drive current. The MIC5010 
also includes fault-detect and 
power-on reset functions as well as 
a programmable overcurrent sense 


comparator, which detects short 
circuits at the load and latches gate 
drive off until reset. MIC5010 in a 
14-pin DIP, $2.25; MIC5011 in an 
8-pin DIP, $1.95 (100). 


Micrel Semiconductor, 560 
Oakmead Pkwy, Sunnyvale, CA 
94086. Phone (408) 245-2500. FAX 
(408) 245-4175. Circle No. 353 


Disk Read-Channel 
Data Recovery Subsystem 


@ 25M-bps data-rate capability 
© Maximizes read-data 
performance 

Combining signal conditioning and 
filtering with data qualification, the 
AD892 features a 25M-bps data- . 
rate capability. The monolithic IC 
takes corrupted binary signals from 
the read-head preamplifier and pro- 
duces recovered bits ready for syn- 
ehronization. The IC contains a 
variable-gain amplifier (VGA), pre- 
cision buffers, S/H circuitry, auto- 
matic gain control (AGC), trimmed 
comparators, and a 1-shot circuit to 
ensure a low bit-error rate. The 
VGA maintains a constant signal 
level with 30 dB of gain and a 40-dB 
control range. Read-head signal 
processing is handled by two 50- 
MHz buffer stages with gains of 12 
dB; each buffer stage employs user- 
supplied filters. The hold circuit’s 
fast acquisition allows AGC opera- 
tion while the head is reading the 
disk sector header, thus maximizing 
performance. The amplified and 
conditioned signal is then compared 
to user-defined thresholds, and it 
clocks an output flip-flop if a valid 
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signal level occurs. The overall 
qualification scheme prevents sin- 
gle-bit error from propagating as a 
2-bit error. In a 44-pin PLCC (plas- 
tic leaded chip carrier), $5 (10,000). 
Analog Devices Inc, 181 Ballard- 
vale St, Wilmington, MA 01887. 

Phone (508) 658-9400. 
Circle No. 354 


Dual 16-Bit DAC With 
Double-Buffered Latches 


e@ /nterfaces to 8-bit uP buses 

® Has 14-bit monotonicity 
Requiring no external parts to in- 
terface directly to 8-bit uP buses, 
the dual 16-bit DAC725 features 14- 
bit monotonicity and +0.003% max 
integral-linearity error. Settling 


Score Big With Vitelic’s 


Fast SIMMs. 


Ricky SIMM rounds third. Here 
comes the throw from center field. 
SIMM dives for the plate. He scores! 


Put Ricky SIMM on your main 
memory team and watch your high 
performance personal workstation 
score with the customer every time. 


With 60 and 70ns access times, 

Vitelic’s 256K x 36 and 512K x 36 

CMOS DRAMs are the fastest 

SIMMs in the league. Our SIMMs 

are the perfect add-on memories 
for IBM PS/2 


(< 
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compatibles and advanced 386 
and 486 systems. Both devices 
come in the standard 72 pin 
module. 


Ricky SIMM is also available 
in 256K x 8 and 256K x 9 
configurations in standard 30 
pin SIMM and SIP modules. 
With access times of 60, 70, 
and 80ns and fast page mode 
configuration, these memories 
are ideal for PC/workstation 
main memory and memory 
expansion. 


Call Vitelic today at 800- 


Bt: 


VITELIC 
to hear 


more 

about 
Vitelic’s 
SIMM. Sign 
Ricky onto your 
team and watch your 
PCs and workstations outrun 
the competition. 


W VITELIC 


The Emerging Leader 
in Specialty Memories 


Circle 124 for Literature 


time for a full 20V step is 8 usec 
max, and the device accepts data 
at rates as high as 10 MHz. The 
DAC725 incorporates dual double- 
buffered data latches, a precision 
buried-zener reference, D/A con- 
verters, and low-noise output op 
amps in a single 28-pin package. In- 
put data is loaded in two 8-bit 
bytes. Separate lines for chip-se- 
lect, latch-control, and clear func- 
tions provide design flexibility. 
Output range options are +5 and 
+10V. In a plastic DIP, $35.60; in 
a ceramic DIP, $75.62 (100). 
Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (800) 548- 
61382. FAX (602) 889-1510. 
Circle No. 355 


8-Bit Flash A/D Converters 


@ Input bandwidth is 150 MHz 

@ Have +0.5 LSB linearity 

The ADC-32 and ADC-33 are mono- 
lithic 8-bit flash converters capable 
of digitizing analog signals with 100- 
MHz spectral components into digi- 
tal words at a 150M-sample/sec con- 
version rate. Both units feature in- 
tegral and differential linearity of 
+0.5 LSB over the specified indus- 
trial or military temperature range. 
The ADC-83 includes additional ref- 
erence taps, which offer better con- 
trol of linearity over temperature. 
Output coding is user selectable for 
binary, complementary binary, 2’s 
complement, and complementary 
2’s complement. Both devices oper- 
ate from a —5.2V supply. The 
ADC-32 comes in a 42-pin ceramic 
sidebrazed DIP and is pin-compat- 
ible with the ADC-303 100-MHz 8- 
bit flash converter. The ADC-33 
comes in a 48-pin ceramic side- 
brazed DIP. In single quantities, 
from $143 for industrial-tempera- 
ture versions; from $212 for mili- 
tary-temperature versions. 

Datel, 11 Cabot Blvd, Mansfield, 
MA 02048. Phone (508) 339-3000. 
FAX (508) 339-6356. 

Circle No. 356 


EDN March 29, 1990 


NEW PRODUCTS 


COMPONENTS & POWER SUPPLIES 


High-Gain Transistors 


@ Have gain of 400 at 2A 

@ Feature low saturation voltage 
ZTX689B Super-E-line npn switch- 
ing transistors feature gain figures 
of 500 and switching capabilities 
ranging to 2A at 120V. For exam- 
ple, the ZTX689B 20V unit has a 
gain of 400 with a collector current 
of 2A. At 100-mA collector current 
levels, minimum gain equals 500 for 
the entire line. Maximum satura- 
tion voltage levels range from 0.1V 
for the 45V ZTX690B to 0.25V for 
the 120V ZTX694B model. The 
units are housed in plastic TO-92 
packages. £0.1 (100,000). 

Zetex PLC, Fields New Rd, 
Chadderton, Oldham, OL9 8NP, 
UK. Phone 61 627 5105. FAX 61 
627 5467. Circle No. 383 


DC/DC Converters 


@ Operate with 48V inputs 

e Efficiency equals 78% min 

TC Series 10W de/de converters are 
designed for telecommunications 
applications. They operate from a 
20 to 60V input (48V nom). Model 
48S5.2000TC produces an output of 
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5V at 2000 mA; the output of Model 
48S12.850TC is 12V at 850 mA: and 
Model 48815.700TC has an output 
of 15V at 700 mA. Key specs include 
a 0.01% line regulation, 0.1% load 
regulation, 35-mV-typ output noise, 
78% min efficiency, and 500V dc iso- 
lation. Automatic overtemperature 
protection is standard as is short- 
circuit protection. Featuring an op- 
erating range of —25 to +80°C, the 
converters are housed in 6-sided 
shielded cases to minimize radiation 
problems. $105. 

Calex Mfg Co Inc, 3355 Vincent 
Rd, Pleasant Hill, CA 94523. Phone 
(800) 542-3355; in CA, (415) 932- 
3911. FAX (415) 932-6017. 

Circle No. 384 


Projection Displays 
@ Display as many as 48 
messages 
@ Are cascadable 
These projection displays can pro- 
vide a variable-brilliance display for 
any image that’s reproducible on 
film. The 15 models feature charac- 
ter heights ranging from 0.076 to 
3.375 in. Display capacity ranges 
from 12 to 48 discrete messages; 
you can cascade individual models 
into multimodule assemblies for 
added information display capacity. 
The modules can accommodate 
lamps ranging from T-% to T-3’4 in 
size. Most of the display models can 
withstand temperature and shock in 
accordance with MIL-STD-202 and 
vibration as described in MIL-STD- 
167-1. Self-contained driver/decod- 


ers are available as an option as well 
as military-grade configurations. 
$36 to $168 (100). Delivery, eight 
to 10 weeks ARO. 

IEE Ine, Planar Products Div, 
7740 Lemona Ave, Van Nuys, CA 
91409. Phone (818) 787-0311. FAX 
(818) 902-3723. Circle No. 385 


Intelligent Displays 
@ Feature a 2-in.-high 

character 
e Are TTL compatible 
The ISDS20135 Series units are 2- 
in.-high, single-character 5 x7 dot- 
matrix intelligent displays. The 
built-in CMOS IC contains memory, 
ASCII character generator, and 
LED multiplexing and drive cir- 
cuitry. These displays have a 96- 
ASCII-character repertoire and are 
TTL and pP compatible. You can 
cascade the units to develop multi- 
character displays. ISDS20135 dis- 
plays are available in three colors. 
High-efficiency red units, $17.14; 
green units, $19.77; ultrabright red 
units, $22.34 (100). 

Isocom Inc, 256-H E Hamilton 
Ave, Campbell, CA 95008. Phone 
(408) 370-2212. FAX (408) 370- 
2309. Circle No. 386 


High-Side Predrivers 


© Work with any FET 
@ Have internal thermal- 
protection circuitry 
The MIC5010 and MIC5011 pre- 
drivers will drive any FET in a 
high-side switching and power-con- 
trol application. The devices each 
have an internal voltage pump that 
supplies high-side voltage drive as 
much as 20V higher than Vpp. The 
drivers operate with supplies of 7 
to 36V and feature pins that allow 
you to use external capacitors to 
boost the switching-speed and gate- 
drive current. Both units include 
temperature sense and shutdown 
circuitry. The 5010 features a pro- 
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grammable overcurrent sense com- 
parator that detects short-circuit 
conditions at the load and latches 
gate drive off until reset. The 5010 
also has a fault-detect output and 
power-on reset. Operating range 
spans —40 to +85°C. MIC5010BN, 
$2.25; MIC5011BN, $1.25 (100). 
Micrel Semiconductor, 560 
Oakmead Pkwy, Sunnyvale, CA 
94086. Phone (408) 245-2500. FAX 
(408) 245-4175. Circle No. 387 


Full-Travel Keyboard 


© Compatible with IBM PC, 
PC/XT, PC/AT, and PS/2 
®@ Comes in rack-mount package 
The R-19 full-travel keyboard is 
compatible with IBM PC, PC/XT, 
PC/AT, and PS/2 computers. De- 
signed specifically for use in hostile 
environments, the unit has an IP 
(international protection) rating of 
04 and is impervious to dust and 


and liquid spills. The IP rating is 
achieved through the use of molded 
silicone-dome technology combined 
with sealed electronics and state-of- 
the-art membrane technology. Ad- 
ditional features include 12 function 
keys, a 19-in. rack-mount package, 
separate cursor keys, frequency- 
programmable autorepeat for all 
keys, N-key rollover, and positive 
tactile feel. $345. 

Preh Electronic Industries Inc, 
470 E Main St, Lake Zurich, IL 
60047. Phone (812) 488-4000. FAX 
(312) 438-5522. TLX 297112. 

Circle No. 388 


Fiber-Optic Receiver 
® Has a 1.5-mile 
transmission capability 
@ Features a choice of 
connector styles 
This 50M-baud fiber-optic receiver 
completes the company’s 5- to 50M- 


baud fiber-optic link family. Featur- 
ing a minimum optical sensitivity of 
—35 dBm, the TTL-compatible re- 
ceiver will operate over distances 
of 1.5 miles min. Over shorter dis- 
tances, the unit will handle higher 
data rates. All receivers include a 
link-status indicator that indicates 
when the optical signal drops below 
the minimum operating sensitivity 
level. The unit operates in the 860- 
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Make your big ideas 


smaller, lighter and brighter. 


DURACELL’ XL” DL123A Lithium Batteries give you the 
power to think small, improve performance and portability. 


Today's emphasis on smaller, lighter, more powerful portable devices 
requires a bright idea in battery technology. It’s here. 


Size for size, the DL123A delivers more combined power and energy than 
other consumer replaceable batteries. In fact, for high current applica- 
lions, this compact 3-volt lithium battery delivers up to four times more 
energy than a 1.5-volt AA size battery — even more at low temperatures. 
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nm range and is housed in a 14-pin 
plastic DIP. $69 (50,000). 

Siemens Fiber Optic Compo- 
nents, 3846A First Ave, Evans- 
ville, IN 47724. Phone (812) 422- 
23e2; Circle No. 389 


Industrial-Grade Chassis 


@ Includes a backplane 

@ Holds two drives 

The 7520-32V rack-mountable chas- 
sis incorporates an IBM PC-com- 
patible backplane, which features 
20 PC/AT slots. The unit houses 
two half-height, floppy- or hard- 
disk drives in a vertical position. 
The chassis also includes a 315W 
power supply, which features auto- 
matic 110/220V selection. Also in- 
cluded are a fused ac receptacle and 
a front-panel keyboard connector. 
Two temperature-controlled 120- 
efm fans pressurize the chassis to 
exclude dust and dirt. The 6-layer 


construction provides termination 
resistors on all lines, and the metal 
door protects the drives. A table- 
top version is also available. $1795. 


Industrial Computer Source, 
4837 Mercury St, San Diego, CA 
92111. Phone (619) 279-0084. FAX 
(619) 541-1138. Circle No. 390 


Panel Display 


e Includes drive electronics 

and a controller 
@ Displays 336 characters 
The APD-336M019 dot-matrix dis- 
play-panel module includes drive 
electronics and a controller. The 
controller provides refresh mem- 
ory, character generation, and con- 
trol logic to enable the module to 
serve as a direct readout. The unit 
displays 336 5x7 dot-matrix char- 
acters arranged in 14 rows X 24 col- 
umns. The display has a 70-fL 
brightness and a 120° viewing an- 
gle. Other features include a paral- 
lel ASCII interface and character- 
blink mode. The display is available 
in commercial or extended tempera- 
ture versions. Input voltages are 5 
and 15V. $740 (100). Delivery, 12 
to 14 weeks ARO. 

Dale Electronics Inc, Box 609, 
Columbus, NE 68602. Phone (402) 
563-6275. Circle No. 391 
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DURACELL XL Lithium Batteries are engineered for single or multicell 
applications. They’re made in the USA and distributed worldwide under 
the brand name consumers prefer most, DURACELL. 


Find out what Duracell’s latest high power technology 
can do for your bright ideas. Write or call for our 
updated DL123A Performance Portfolio. Or if you 
have an immediate need, contact our OEM battery 
engineers today. 


New Products and 

Technology Division 

OEM Sales and Marketing 
Berkshire Industrial Park 

Bethel, CT 06801 

Toll-free: 1-800-422-9001 ext. 426 
Facsimile: 203-791-3273 
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©1989, Duracell Inc. 
CIRCLE NO. 81 
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NEW PRODUCTS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


Expert System Development 
Tools For OS/2 


@ Serve both novices and experts 

© Provide hypertext retrieval for 
associative access by users 

Fusion is a set of tools for develop- 


ing expert systems. It uses a 
spread-sheet technique that lets 
you build a table of the factors af- 
fecting the value of a result. From 
the table, you can build rules, or 
decision trees, and chain them to- 
gether to build a knowledge base. 
Then, the Advisor program runs a 
consultation in which it asks the 
questions you have defined, reasons 
forward or backward, and presents 
the advice you’ve defined. A hot- 
key feature allows you to switch 
rapidly back and forth between the 
Advisor and the process of building 
and modifying the decision trees. 
The HT development tool offers all 
of the features of Fusion plus a hy- 
pertext feature that lets developers 
control large quantities of textual 
information in a manner permitting 
end users easy associative access to 
it. HT is intended for applications 
that require extensive, context-sen- 
sitive: help functions. Both Fusion 
and HT are available for all OS/2- 
and MS-DOS-based personal com- 
puters. Fusion, $1495; HT, $2495. 
1st-Class Expert Systems Inc, 
526 Boston Post Rd, 150-East, 
Wayland, MA 01778. Phone (508) 
308-7722. FAX (508) 358-4395. 
Circle No. 392 
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Real-Time Unix 
For The Mac 


® Supports TCP/IP Network soft- 

ware and the X Window System 
@ Runs on all Macintosh 

computers 
UniF lex is a real-time, Unix-com- 
patible operating system for com- 
puters based on the Motorola 680x0 
family of Ps. It provides multiuser 
and multitasking capabilities and 
comes with a full set of software- 
development tools, a C compiler, 
TCP/IP (transmission control proto- 
col/internet protocol) network-sup- 
port software, and the X Window 
System version 11.3. The TCP/IP 
networking software works with 
the Apple Ethertalk board and in- 
cludes a large selection of popular 
networking utility programs such 
as FTP, Rsh, Rlogin, Telnet, Mail, 
and Sendmail. The package also in- 
cludes a C library of Berkeley-style 
socket functions for the use of de- 
velopers writing network-based ap- 
plication software. Single-system 
development license, $595. 

Technical Systems Consultants 
Inc, 111 Providence Rd, Chapel 
Hill, NC 27514. Phone (919) 493- 
1451. FAX (919) 490-2903. 

Circle No. 393 


DSP Simulator/Debugger 


® Simulates the TMS320C25 
architecture in software 
® Runs on IBM PCs and 
compatibles 
Z51M320C25 is a simulator/debug- 
ger for T?’s TMS320C25 digital sig- 
nal processor. The program runs on 
IBM PCs and compatibles and simu- 
lates the internal architecture of the 
DSP chip. It can execute DSP pro- 
grams in either Intel Hex or TI Tag 
format. You have access to the full 
64k bytes of program and data 
memory, and you can modify all 
registers, flags, and I/O ports, as 
well as program, stack, and data 


memory. You can redirect I/O data 
to disk files; a trace buffer lets you 
examine the last 200 instructions 
executed. Execution commands let 
you step through or around subrou- 
tines, and you can set breakpoints 
to stop execution when specified 
conditions are met. You can also 
execute DOS commands without 
leaving the simulator program. On- 
line help screens provide easy refer- 
ence to all simulation commands. 
$395. 

ZTech Systems, 2520 Voorhies 
Ave, Brooklyn, NY 11235. Phone 
(718) 408-4755. Circle No. 394 


VHDL Development System 


@ Runs on VAX/VMS and Sun 3 
systems 
@ Provides a Make facility that al- 
lows automatic recompilation 
The VHDL Support Environment 
version 2.1 consists of a VHDL ana- 
lyzer, a design-library manager, a 
VHDL library system, and a 
VHDL simulator. It allows you to 
design, simulate, and document sys- 
tems, boards, and chips, using all 
of the features of the VHSIC Hard- 
ware Description Language. The 
new version, which runs on VAX/ 
VMS and Sun 8 computers, pro- 
vides a 40% speed increase in the 
VHDL simulator. A Make facility 
allows automatic recompilation of 
design units and generates all de- 
sign units in a model without re- 
quiring you to specify the order of 
model-generation. Other enhance- 
ments include the ability to break 
on delta cycles and to view compos- 
ite signals. Some new commands 
also simplify the setting of default 
path names. From $12,000. 
Intermetrics, 733 Concord Ave, 
Cambridge, MA 02138. Phone (617) 
661-1840. Circle No. 395 
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MICRO-CAP III” the third generation 
of the top selling IBM® PC-based interac- 
tive CAE tool, adds even more accuracy, 
speed, and simplicity to circuit design and 
simulation. 

The program’s window-based opera- 
tion and schematic editor make circuit 
creation a breeze. And super-fast SPICE- 
like routines mean quick AC, DC, Fourier 
and transient analysis — right from 
schematics. You can combine simulations 
of digital and analog circuits via integrated 
switch models and macros. And, using 
stepped component values, rapidly gener- 
ate multiple plots to fine-tune your circuits. 

We've added routines for noise, impe- 
dance and conductance — even Monte 
Carlo routines for statistical analysis of 
production yield. Plus algebraic formula 
parsers for plotting almost any desired 
function. 
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MICRO-CAP III. 
THIRD-GENERATION INTERACTIVE 
CIRCUIT ANALYSIS. MORE POWER. 
MORE SPEED. LESS WORK. 


Transient analysis 


Monte Carlo analysis 


CIRCLE NO. 82 


Modeling power leaps upward as 
well, to Gummel-Poon BJT and Level 3 
MOS — supported, of course, by a built-in 
Parameter Estimation Program and 
extended standard parts library. 

There's support for Hercules? CGA, 


MCGA, EGA and VGA displays. Output for 


laser plotters and printers. And a lot more. 
The cost? Just $1495. Evaluation ver- 
sions are only $150. 
Naturally, you'll want to call or write for 
a free brochure and demo disk. 


1021 S. Wolfe Road, 
Sunnyvale, CA 94086 
(408) 738-4387 


MICRO-CAP III is a registered trademark of Spectrum Software. 
Hercules is a registered trademark of Hercules Computer Technology. 
IBM is a registered trademark of International Business Machines, Inc. 
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NEW PRODUCTS 


TEST & MEASUREMENT INSTRUMENTS 


Data Loggers 


® Connect to sensors or signal 
conditioners 
® Continuously monitor alarm 
limits at 4-sec intervals 
When delivered, data loggers in the 
DDL-4000 series are ready to col- 
lect data without programming. 
The loggers connect directly to sen- 
sors, such as thermocouples, as well 
as to the outputs of signal condition- 
ers. In addition to 16 analog inputs 
with switch-selectable gain, cold- 
junction compensation, and lineari- 
zation, each unit has four digital in- 
puts that can sense logic levels or 
contact closures. Each unit also has 
16 logic-level alarm outputs. Even 
if you ask the logger to transmit 
data only once a day, it will con- 
stantly monitor its analog inputs 
and compare them every 4 sec to 
alarm limits stored in nonvolatile 
memory. All units have an RS-232C 
port; a master can control four ex- 
pansion loggers, which can have 
blank front panels. From $1440. 
MetraByte Corp, 440 Myles 
Standish Blvd, Taunton, MA 02780. 
Phone (508) 880-3000. FAX (508) 
880-0179. Circle No. 357 


VXIbus PC With 

Ethernet Interface 

® Includes 80386, 40M-byte hard 
disk, and IBM VGA graphics 

® Software allows multiple VXI 


systems to communicate 
The EPC-2e is an 80836-based com- 
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puter in a double-width VXIbus 
module. Units are available whose 
CPUs operate at 16 and 20 MHz. 
The module includes an Ethernet 
interface that lets you link VXIbus- 
based instrument systems with 
each other and with other network- 
based systems such as CAE work- 
station networks. The computer 
also incorporates a_ floppy-disk 
drive, a 40M-byte hard disk, a 
graphics adapter compatible with 
the IBM VGA, parallel and serial 
ports, and room for 8M bytes of 
RAM. The vendor has also an- 
nounced an MS-DOS-based soft- 
ware package called VXI Network 
Bridge, which loads automatically 
when you apply power to the com- 
puter and also enables multiple VXI 
mainframes to communicate. Com- 
puter, from $8550; software, $1000/ 
network. 7 
Radix Microsystems Inc, 19545 
NW Von Neumann Dr, Beaverton, 
OR 97006. Phone (503) 690-1229. 
FAX (508) 690-1228. 
Circle No. 358 


Instrument Plug-In Cards 
For IBM PCs And PS/2s 


@ Include data-acquisition and 
special-function cards 

® Work with signal-conditioning 
panels 

The PC-Test card series includes 

members for the IBM PC bus and 

for the IBM PS/2 series’ MCA (Mi- 

cro Channel Architecture) bus. 

Among the types are a high-speed 

scope, a multifunction data-acquisi- 


tion card, two 32-channel digital I/O 
and counter cards, a relay actuator 
card, a 6-channel analog output 
card, a stepper-motor control card, 
an RS-422/RS-485 interface, two 
IE EE-488 interfaces, an arbitrary- 
waveform generator, a voice-output 
card, and a RAM/ROM disk card 
for use in dirty environments where 
electromechanical disk storage 
units would behave unreliably. Ex- 
ternal signal-conditioning panels 
provide such functions as screw-ter- 
minal inputs and optical isolation. 
From $150. 

Soltec Corp, 12977 Arroyo St, 
San Fernando, CA 91340. Phone 
(800) 423-2844; in CA, (818) 365- 
0800. Circle No. 359 


RF/Microwave 
Peak-Power Analyzer 


® Operates at frequencies as high 
as 40 GHz 

@ Measures 13 pulse parameters 

The HP 8990A peak-power analyzer 
works with pulsed RF carriers at 
frequencies as high as 40 GHz. The 
instrument performs many more 
functions than do peak-power me- 
ters. It can, for example, measure 
13 pulse parameters at rates of 35 
to 65 measurements/sec. The unit 
has a 4-channel scope display, in- 
cluding two channels that display 
detected RF waveforms. The other 
two channels have 100-MHz band- 
width and allow you to view trigger 
pulses and video waveforms. By 
basing its signal processing on data 
acquired at 10M samples/sec, the 
analyzer can characterize single- 
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INSTRUMENTS 


shot pulses. Root-sum-squared in- 
strumentation uncertainty is +4%; 
sensor-calibration uncertainty is 
+2% at 4GHzand +5% at 40 GHz. 
The power sensors have a VSWR 
of 1.385 at 26.5 GHz. $15,000; sen- 
sors, $1400 to $1900. Delivery, 
eight weeks ARO. 
Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 
Circle No. 360 


Data-Acquisition Board 
For IBM PCs 


@ Provides 16 analog-input chan- 
nels and three counter/timers 
® Optionally includes two D/A 
converters 
The 5525MF is a low-cost data-ac- 
quisition board for the IBM PC bus. 
It accommodates 16 analog inputs, 
permits user selection of signal 
gain, and makes 25,000 12-bit A/D 
conversions/sec. | DMA-controlled 
data transfers are supported. The 
board also includes three pulse/fre- 
quency counters and, optionally, 
ean include a pair of D/A convert- 
ers. The vendor supplies accesso- 
ries such as signal-conditioning pan- 
els, and ships the application soft- 
ware package Labtech Acquire 
with each board. $495. 

Adac Corp, 70 Tower Office 
Park, Woburn, MA 01801. Phone 
(800) 648-6589; in MA, (617) 935- 
6668. FAX (617) 938-6553. 

Circle No. 361 


EDN March 29, 1990 


— turniton. | 


ADVERTISEMENT 
EL LAMP INVERTERS 


se 


GET MORE FROM ELS 


e Reverse polarity protected 

@ No-load protected 

A self-adjusting DC-AC inverter that 
matches performance to EL lamp 
capacitance changes, to extend lamp- 
life and optimize brightness. (For 
more information, see Loctite ad, 
below. ) 


Nothing Turns On 
_ EL Lamps 
Like Our Inverters. 


LOTTE 
| LUMINESCENT 
/ SYSTEMS INC. 


WE CAN GET YOU AROUND 
YOUR LIGHTING PROBLEMS. 


tee g of t,we Andwithourlamps,wegiveyousolid- _ 
give you a single fi ight, | tly _ state-of-the-art constructionbacked _ 
‘uniformandbalancedthemomentyou —__withourLoctite applications know-how. 
_ $0 for solutions to any problem, we re 
here. To learn more, send for our DESIGN 
_ GUIDE, the definitive reference on elec- 
troluminescence. Because thesolution — 
to your lighting problem may be as sim- 
ple as seeing it in anewlight. 


Instead of bulk, we giveyoualampso — 
thin, it’s barely three-dimensional. We 
can make our lamps in all kinds of sizes 
and shapes—with cutouts andholes. _ 

Instead of resistance-based technol- 
ogy that's hot, we give you capacitance- 
based technology that's very cool. Instead 
of alimited color range, we can makea 
lamp in almost any color—even multicolor. 
Instead of sudden death, we give you 
lamps with useful lives exceeding 10,000 
hours in extreme environments. 

We can also provideaDC-ACinverter | 
that is carefully matched to your lamp, A SUBSIDIARY OF LOCTITE CORPORATION 
insuring optimum performance over its tel (603) 448-3444 


life. FAX (603) 448-3452, TWX 710-366-0607 
EtnaRd., Lebanon, NH 03766 


LOCTITE ~ 
} LUMINESCENT 
| SYSTEMS INC. 


SETTING THE STANDARD 
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NEW PRODUCTS 


COMPUTERS & PERIPHERALS 


STD Bus CPU Board 


® Has a 16-MHz 80C186 wP and 
2M bytes of DRAM 
© Software development package 
generates C language code 
The Model 8700 CPU board for the 
STD Bus features a 16-MHz 80C186 
wP and 2M bytes of dynamic RAM. 
Two ROM sockets accept 27512 or 
27C010 EPROMs. The board con- 
forms to the 16-bit STD Bus specifi- 
cation and is compatible with 8-bit 
STD boards. It comes with a debug 
program, which allows for firmware 
development on an IBM PC-com- 
patible computer. You can link the 
CPU board to the PC through a se- 
rial communications card with an 
RS-232C port, such as the com- 
pany’s model 7060-3. An optional 
hardware and software package, 
called C-Engine, lets you develop 
C language code using Borland’s 
Turbo C Professional package. In- 
terface software lets you load the 
code into EPROM. In addition, the 
board has a watchdog timer that re- 
starts a program in an orderly man- 
ner if a power glitch occurs. $995. 
Cubit, 340 Pioneer Way, Moun- 
tain View, CA 94041. Phone (415) 
962-8237. FAX (415) 965-9355. TLX 
797377. Circle No. 362 


Video Frame Grabber 
@ Transfers data to and from a host 
via SCSI 
® Captures video signals in NTSC, 
PAL, and RS170 
The DASM-FGM stand-alone video 
frame grabber communicates with 
a host via SCSI by emulating a 
RAM disk. Because it uses SCSI, 
the unit can function with a variety 
of hosts, such as those manufac- 
tured by Sun Microsystems, DEC, 
Hewlett-Packard, Apple, and IBM. 
The unit consists of a controller card 
packaged in a form factor that fits 
into a half-height drive bay. The 
controller card contains a 68008 wP, 
as much as 8M bytes of video mem- 
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ory, and SCSI and DMA control- 
lers. The frame grabber digitizes 
video input signals conforming with 
NTSC, PAL, and RS-170 formats. 
It can store data in real time at 30 
frames/sec. A partial-screen cap- 
ture mode permits the capture of a 
rectangular sub-area of the video 
input image. A multiple-resolution 
capture mode, captures 512 x 512-, 
206 x 256-, or 128 x 128-pixel im- 
ages. With 256k bytes of RAM, 
$2995; with 8M bytes of RAM, 
$6500. 

Analogic CDA Div, 8 Centennial 
Dr, Centennial Industrial Park, 
Peabody, MA 01961. Phone (508) 
977-3030. FAX (508) 977-9220. 
TLX 6817408. Circle No. 363 


DAT Storage System 

@ Uses a 4-mm cassette to store 
700M bytes 

® Can randomly access files in less 
than 60 sec 


The MegaDat digital-audio-tape 
(DAT) storage system uses a 4-mm, 
credit-card-sized cassette to store 
700M bytes of data. The cassette 
stores the equivalent of more than 
10 60M-byte “4-in. cartridges. The 
system interfaces with a 16-bit ISA 
(industry standard architecture) 
bus and operates with a worksta- 
tion that has DOS 3.X, 1M byte of 
RAM, a local hard-disk drive, an 
unused 16-bit expansion slot, and a 
power connector. The DAT also 
works with Novell Netware 2.0 or 
higher software, which is menu 
driven with context-sensitive help 
commands. Other features include 


a random file-access time of <60 sec 
and error checking with correction. 
Internal version, $2750; external ta- 
ble-top version, $2950. 

GigaTrend, 2234 Rutherford Rd, 
Carlsbad, CA 92008. Phone (619) 
931-9122. FAX (619) 931-9959. 

Circle No. 364 


Industrial IBM PC 


© Has 20 expansion slots in a 19-in. 
rack-mount chassis 
®@ Two half-height drives can be 
mounted behind a protective door 
The Model 7520-32V is an industrial 
IBM PC-compatible computer. It 
consists of a 19-in. rack-mount chas- 
sis, made of heavy-gauge steel and 
containing 20 AT-style expansion 
slots. You can mount two _half- 
height storage drives behind a pro- 
tective door in the chassis. The 
chassis comes with a 315W power 
supply, which operates from 47- to 
440-Hz line frequencies, and with 
selectable 110 and 220V ac. Two 120 
cfm fans cool the main chassis and 
the power supply. Both fans have 
filters and are temperature con- 
trolled. The fans build up a positive 
pressure inside the chassis, which 
prevents dust particles from enter- 
ing through crevices. The chassis 
measures 19x24x7 in. $1795; ta- 
ble-top version, $1795. 

Industrial Computer Source, 
4837 Mercury St, San Diego, CA 
92111. Phone (619) 279-0084. FAX 
(619) 541-1138. Circle No. 365 


68030-Based Computer 


® Runs at 25 MHz and serves eight 
to 32 active users 

® Operates with release 3.2 of TI’s 
System V operating system 

The 1505 is the latest member of 

the company’s 1500 series of mul- 

tiuser computers. The computer can 

serve from eight to 32 active users. 

The floor-standing base unit comes 

with a 25-MHz 68030 wP, a 25-MHz 
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68882 floating-point unit, a 64k-byte 
cache-memory, a 150M-byte car- 
tridge-tape backup system, and 4M 
bytes of RAM that can be expanded 
to 16M bytes. You can order the 
base system with a 5/-in. hard-disk 
drive that has either a 182M-, 
380M-, or 760M-byte capacity and 
a SCSI-2 port. As many as three 


ASCII character and graphics set; 
you can address individual dots for 
custom graphics. The printer oper- 
ates from either a 110V ac outlet 
by using a supplied wall adapter or 
from an internal battery pack that 
recharges when the wall adapter is 
plugged in. The DPP-500 prints at 
37.5 eps in standard mode and 50 


cps in condensed mode. Its standard 
graphics mode has a resolution of 
320 dots/line, while its condensed 
graphics resolution is 640 dots/line. 
$442; paper, $4.25. 

Acculex, 440 Myles Standish 
Blvd, Taunton, MA 02780. Phone 
(508) 880-8660. TLX 503989. 

Circle No. 367 


additional mass-storage devices can 
be connected to the computer, each 
containing a maximum of five 380M- 
or 760M-byte disk drives and a tape 
backup unit. Maximum available 
storage is 4.56G bytes. The com- 
puter runs with release 3.2 of the 
company’s System V operating sys- 
tem, which provides support for a 
TCP/IP (transmission control proto- 
col/internet protocol) link and Net- 
work File System software. $12,900 
with a 182M-byte hard-disk drive. 
Texas Instruments Inc, Informa- 
tion Technology Group, Box 
202230, ITG-030, Austin, TX 78720. 
Phone (800) 527-3500. 
Circle No. 366 


ONE OF THESE CAN CHANGE 
THE WAY YOU SEE LIGHTING. 


Dot-Matrix 40-Column 
Printer 


@ Prints a 256-character set 
@ sk-byte buffer memory switches 
to either a serial or parallel port 
The DPP-500 thermal dot-matrix 
printer communicates with comput- 
ers, dataloggers, and programma- 
ble logic controllers through either 
an RS-232C port or a Centronics 
parallel port. You can switch either 
port to an internal 8k-byte buffer 
memory. The user can configure the 
serial port to communicate at baud 
rates as high as 9600. The benchtop 
40-column printer prints a 296 


( quality and reliak 
ps, availableinav 
1s, shapes and col 
er Feonditions thatd 


any lamp size eand desire out 
_ assures maximum lamp perfo 
-_uniformsurface illumination and use- 
fullife exceeding 10,000hours. 


© 1989 Loctite Corporation 
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LITERATURE 


Data-Acquisition And Image- 
Processing Handbooks © 


The 480-pg 1990 Data Acquisition 


Handbook provides information 
about the vendor’s data-acquisition 
and array-processing products, in- 
cluding analog and digital I/O prod- 
ucts for IBM PCs, PC/XTs, PC/ 
ATs, and compatible computers; 
the IBM PS/2; Macintosh II; Sun; 
MicroVAX; Multibus; and STD Bus 
computers. The 352-pg 1990 Image- 
Processing Handbook focuses on 
image-processing products, includ- 
ing frame-grabber boards, frame 
processors, and image-processing 
software for IBM PCs and compa- 
tibles, MicroVAX, Sun, and VME- 
bus computers. Both catalogs pre- 
sent detailed data sheets, product 
summary tables, and application 
notes and describe more than 600 
boards, software packages, and ac- 
cessories. 
Data Translation, 100 Locke Dr, 
Marlboro, MA 01752. 
Circle No. 377 


Catalog For PC Users 


The vendor’s catalog (90-1) features 
electronic-design programs, includ- 
ing logic simulation, pc-board de- 
sign, filter design, and network 
analysis. Other offerings include 
AutoCAD engineering symbols and 
utilities, an HVAC (heating, venti- 
lating, air conditioning) design sys- 
tem, and three CAD systems. Some 
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of the engineering programs listed 
are preventive maintenance, statis- 
tical process control, surveying, 
logarithmic graphing, and statisti- 

cal analysis. 
Sector Systems Co Ine, 416 
Ocean Ave, Marblehead, MA 01945. 
Circle No. 378 


Offering Of 
Power-Supply Products 


The company’s 1990 catalog high- 
lights its expanded line of single- 
and multiple-output switching power 
supplies and de/de converters rang- 
ing from 160 to 175W. Standard 
lines have acquired several new 
models, and other product lines fea- 
ture an ac automatic line-selection 
option. The publication provides 
specifications, ratings, outputs, and 
schematics. 
Todd Products Corp, 50 Emjay 
Blvd, Brentwood, NY 11717. 
Circle No. 379 


Digital-Logic-Analyzer 
Products Categorized 
The vendor’s full-line catalog de- 
scribes its logic analyzers based on 
PCs. The publication explains that 
the analyzers are available as com- 
plete instruments with integrated 
IBM PC/XTs, PC/ATs, and 80386 
personal computers; as_ portable 
analyzers connected to laptop PCs; 
or as peripherals to add to current 
PCs. The document highlights six 
models for any application; optional 
16-channel, 20-MHz pattern genera- 
tion; and data-compare functions. 

Rapid Systems Inc, 433 N 34th 
St, Seattle, WA 98103. 

Circle No. 380 


Extensive Listing 
Features T&M Products 


The company’s 1990 catalog pre- 
sents 20 new products, a rack- 
mount selection guide, a glossary 
of terms, and a section on abbrevia- 
tions and symbols. Besides descrip- 


tions of the products, the 536-pg 
publication contains photos and or- 
dering information for more than 
650 products, accessories, and soft- 
ware programs. Combining prod- 
uct lines with those of its European 
counterpart, the company’s catalog 
offers 18 major product categories, 
as well as technical literature and 
a listing of worldwide sales offices. 
The index provides both alphabeti- 
cal and numerical listings of all 
products and services. 
John Fluke Mfg Co Inc, Box 
9090, Everett, WA 98206. 
Circle No. 381 


Selecting A Flat-Panel 
Display And A CRT Monitor 


The latest book in the Designer’s 
Guide Series, How to Select a CRT 
Monitor, follows publication of its 
predecessor, How to Select a Flat 
Panel Display. Combined, the two 
volumes provide more than 700 dis- 
play models in print and on disk. 
Both books contain concise, illus- 
trated technical-reference material 
on CRT and flat-panel-display tech- 
nology. Both forms of the publica- 
tions receive periodic updates. 
Beta Review Inc, Box 38, Mill- 
wood, VA 22646. Circle No. 382 
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This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


Qur-proprie ple Time-Delay™ cheulty. \e 
_ sequences your power-up to prveect | ‘your systems 


i; that destroy — 


” your. hardware and erase your. data. ‘Andour  . 
utdow -_ the \ 


= power control. back to you. _ 


All Pulizzi Engineering TD” ™ ‘ controllere 8 are. 
_/compatible with DEC and UPS systems. _ 
/ PRICES FROM $453 TO $317 | 


DON’ u WAIT UNT IL IT HAPPENS, CALL TODAY! 


: ~ 8260 s. ‘Susan Street, Santa Ana, CA ~ aaa 


(A 4) 540-4228 FAX (714) 641-9062 
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-DS-51. 


8051 EMULATOR 
| INCLUDED IN THE PURCHASE PRICE 


* Real-time and transparent In-Circuit Emulator with 64K breakpoints, 
64 KByte Internal Data and 64 KByte Internal Code Memory. 

| * Personality probe for ROMless versions of 8051 .C (8031-2 - etc). 

| * User software includin a symbolic debugger, on line assembler and 
disassembler, PLM and C support, source and listing windows. 

* RS-232 Interface Cable and Power Cord. 

« User's Manual and Operating Instructions. 


AND OF COURSE THE GREAT OPTIONS !!! : 
* Trace and Logic Analyzer-32K x 32 - 5 External = won $800, 


* EPROM Programmer for 27xxx type memories... : yee 
* Personality Probe for 8051 uC with Internal Code... .. $500 
| For more information call or write to: 
USA: 105 Gleason Rd. Lexington MA 02173 Phone 617-863-9927 
F 617-863-9649 


ax 
Germany; Krankenhausstr, 12 D-8870 Ginzburg Phone (eee 30023 
Fax (082-21) 30462 


Hong Kong: P.O.Box 30719 Causeway Bay Phone (853) 5-454341 
Fax 852) 5-8541302 
Israel: P.O,Box 2106 Herzelyia 46120 Phone (972-52) 555387 
Fax (972-52) 559170 
* US ONLY 


se a ee 
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PC-based emulator for 68HC11 


SEE EEM 89/90 


PC plug-in or RS-232 box, one eee 

@ Pull-down menus with full window support, combined with 
command-driven User Interface. 

@ Up to 33 MHz (E clock) real time emulation. 

®@ No intrusions to the 68HC11’s resources. 

@ 48 bit wide 16K deep trace. All functions usable without 
disturbing emulation. Time stamping. Two level trigger. 

@ Symbolic and C Source Level Debugging, including in-line 
assembler and disassembiler. 


Prices: 64K Emulator and pod $2590? 4K Trace $1995" 
CALL OR WRITE FOR FREE DEMO DISK! 


51 E. —— Avenue 
noHauU Campbell, CA 95008 

FAX (408) 378-7869 
CORPORATION (408) 866-1820 


“US only 
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8051 


SUPERMARKET 


COMPLETE LINE OF 12 MINIATURE SINGLE BOARD COMPUTERS 
BASED ON THE 8xC5x FAMILY OF PROCESSORS. DESIGNED 
FOR INDUSTRIAL PROCESS CONTROL, COMMERCIAL OEM AND 
SCIENTIFIC APPLICATIONS. RANGING IN PERFORMANCE & SIZE 


FROM A SIGNETICS 87C751 IN A 24 PIN DIP ON A PCB 2"x4", TO 


APC BUS SLAVE SBC BASED ON SIGNETIC'S 83C552. 


*** SIGNETIC 83C552 BASED PC/AT BUS COMPATIBLE SLAVE SBC... 
512K BANKED RAM, 64K EPROM, 3-CPU PORTS & 40 MEMORY MAPPED HIGH CURRENT VO 
PINS, 2-DMA CHANNELS, 128 BYTE FIFO SLAVE/HOST PORT, 2-16 BIT TIMER/COUNTERS, 
RS232/422 PORT, REAL TIME CLOCK/CALENDAR, INTEL 8231 FPU. 

*** SIEMENS 80C537 "SUPER 52” SBC... 
64K RAM, 64K EPROM, 7-CPU PORTS, 4-16 BIT TIMERCOUNTERS W/COMPARE 
CAPTURE & PWM, 2-RS232/422, 32 BIT MULTIPLY/DIVIDE, 8-DATA PTRS, WATCHDOG. 

*** SIGNETICS 80C552 SBC... 
64K RAM, 64K EPROM, 2-CPU PORTS, 2-26 BIT COUNTER/TIMERS, 10-BIT 8 CHANNEL 
AD, 2 PWM OUTPUTS, RS232/422, 120 PORT. 

*** GENERIC 8x5x SBC (80C51, 80C52, 80C59, 80C652)... 
64K RAM, 64K EPROM, 2-CPU oy 216 BIT COUNTER/TIMERS, RS232-RS4Z2 
PORT, 120 PORT (WITH 80C652 

*** SIGNETICS 870751 A 87C752 SBC... 

64 BYTE RAM, 2K EPROM, B BIT § CHANNEL A/D, 1972 10 PINS, 16 BIT TIMERCOUNTER, l2C 
PORT, 11MA MAX CURRENT 2'x4" PCB 


*** LOW COST CUSTOM CAD SERVICE... 
IF OUR BOARDS DONT MEET YOUR NEEDS, WE WILL DO CUSTOM CAD TO MODIFY OUR 
DESIGNS TO YOUR SPEC. ONE TIME CHARGE INCLUDES PROTOTYPE. FAST TURN! 


FOR TECHNICAL DATA OR TO ORDER, CALL/FAX/WRITE: 


CONTROL VISION, INC. 
109 SOUTH WATER STREET * NORTHFIELD, MN 55057 
Call or Fax (507) 645-8315 
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MY 
FIRST 
PAL 
DESIGN 
Primer for 
Primary 
PAL 
Designers 


FREE! Logical's ee booklet is 
not intended to be a manual, but 
rather a guide through the basics--to 
help break the ice when you start 
your first PAL design. Easy to read 
diagrams make this a must for first- 
timers. For your free copy, ask for 


Sip LOGICAL 
305-974-0967 DEVICES, INC. 
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PROCESS CONTROL-DATA 
ACQUISITION CARDS FOR THE PC 
16 ANALOG CHANNELS 

-14 DISCRETE OUTS 


MODEL MW-200 PC PLUG IN CARD $265 

MODEL MW-201 RS-232 COMM UNIT $295 

OPTIONAL TERMINAL BOARD MODEL MW-150 
¢ SCREW TERMINALS FOR INPUT/OUTPUTS 


* PROVISIONS FOR 4 THERMOCOUPLE INPUTS 
«4 OP AMPS AND 16 CHANNELS OF FILTERING 


LAPTOPS WITH DATA ACQUISITION 
EPSON 286e-16 analog ins and 14 outs $3385 
TOSHIBA 1000 WITH RS232 DAS UNIT $945 
ELECTRONIC INNOVATIONS CORP. 
3107 W HAMPDEN AVE, ENGLEWOOD CO 80110 

303-789-0424 
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| simple 
multitasking 
executive 


for REAL-TIME EMBEDDED SYSTEMS 


QO) 80x86 family 

OQ) ROM’able 

O) also for PC/XT/AT 

QO 15 microsecond interrupt 
latency (10MHz 80188) 

QO) 70 microsecond task switch 

-() User’s Guide and Reference 


Q C-compatible, real-time , 
multitasking kernel 
) works with Microsoft® and 
Turbo®: C, assembler and 
debugger 
O) 4.2KB to 18 KB code size 
Q libraries for all memory 


STEP MOTOR CONTROL 
27K steps/sec! 16 Million steps! 


ee Manual models 
New CYS54S5. Rates up to 27K Ssteps/sec, up to Cl timer program measures). source code available 
16 million steps per single motion. Separately oe 2 eee ee 
programmable start rate, accel/decel rate, and  . d $ 
max rate. Pulse & direction output. External MICRO p DIGITAL * 
jog mode and limit switch detection. Serial or .. 
parallel interface, LED/LCD & Thumbwheel Cypress, CA 90630 
interface lines, and more. ASCII commands. | NO ROYALTIES 


1-800-366-2491 


College Kit $95 » Demo Kit $25 


30 day money-back guarantee 


Supports 64K external memory. CMOS 40-pin 

DIP. $75 each ($25/1000). Credit Cards OK. 
Cybernetic Micro Systems 
Box 3000, San Gregorio CA 94074 | 
(415)726-3000 Tix: 910-350-5842 
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DIODE — TRANSISTOR 


DOS IN EPROM Tra.Tr,1.,Ta,Tr.Ts TESTS 


Or any other code, for that matter! PromKit allows 

you to create Eproms that look like read-only disk 

_ drives in your PC-compatible systems. Use PromKit 
even if yeu're net a . Just use PromKit to 
convert any disk into EPROM images for your Prom 
blaster! Copy system files, batch files, data files, or 
anything else you want. Use Proms for read-only, 
SRAMS for read-write! Includes source code in C. 
Over 180 pages, including disk, only $179. 


Avtech offers over 15 different fast high-power pulse 
generators ideal for performing switching time tests 
specified by diode and transistor manufacturers and 
by MIL-STD-750C and MIL-S-19500. See our free 80 
page general catalog and Application Note No. 2 for: 

* Transition times from 60 psec to 10 nsec 

* Pulse widths from 1nsec to 20 usec 

- Voltages from 5 to 100 volts 

- Currents from 100 mA to 10 Amps 

* Source impedance from 1 to 50 ohms 

* 150 other nanosecond pulse generators, 

amplifiers, samplers, transformers and fast 

pulse accessories 


AVTECH 


ELECTROSYSTEMS 


We'll include a free copy of the 
pocket-sized XT-AT Handbook by 
Choisser and Foster with each PromKit if you 
mention this ad when you order. Of course, this 
$9.95 value is also available by itself. Or buy five 


or more for only $5.00 each. 800-462-1042 
Annabooks 619-271-9526 inCA 
12145 Alta Carmel Ct Suite 250-262 © 
San Diego, California 92128 
...) Money-back guarantee 
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P.O. Box 265, Ogdensburg 
New York 13669 

(315) 472-5270 

P.O. Box 5120, Station F 
Ottawa, Canada K2C 3H4 
(613) 226-5772 

Fax: (613) 226-2802 


_ CIRCLE NO 335 


NOe: . ENGINEERING (508) 485-1 144 
FAX 508-481-7222 
C-Programmable — 3 BBS 508-460-9203 
§ 7 VISION 16 IMAGE CAPTURE 


Single Board Computer a 
LOW-COST solution to “AX, 

Lo c= © your imaging needs -- 
works with Crystal 3D, [| 
Lumena, Rio, Picture / { 
Power. Board and | |X 
Colorscheme | software 
list for $1495.00 . . . 


Write large C programs in hours using the 


efficient Dynamic C programming system PLEASE CALL !! ae 
with the SBC100 single board computer. BIT PAD PLUS graphics tablet -- a fine 
Specifications: Z180/HD64180 processor with 9.216 tablet ata MOUSE Price! . . . $225.00 


mhz clock. Serial and parallel ports. iSBX connectors. 
Battery backed RAM. EPROM. Watchdog timer. Power 
fail detect. 20-IC prototyping area. Time-date clock. Wall * 
transformer. LED display. Price $395.00. 


Renaissance RENDITION | PLUS aa- 
vanced graphics controller. TMS-34010 
powered _ $250.00 
19-inch Ikegami monitors, perfect for 
image capture, at a special OEM Price ! 
194 Main Street Marlborough MA 01752 
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Z-World Engineering 
1340 Covell Blvd. + Davis, CA 95616 
(916) 753-3722 + Fax: (916) 753-5141 
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E/EPROM PROGRAMMER 
$895 


Lifetime FREE 
software updates 
(1st in the industry) 


@ EP-II4O includes: software, cable, user’s manual, 
FREE software updates (via BBS), toll-free techni- 
cal support, one-year warranty & an uncondition- 
al thirty-day money back guarantee 

@ Programs 24-, 28-, 32- & 40-pin E/EPROMs 

@ Supports 874X & 875X series microcontrollers 

@ Connects to a standard parallel port 

@ Currently supports parts to 4 Megabit 

@ 32-pin model, EP-I132, available for $695 


The Engineer’s Prlogrammer™ : 
CALL TODAY 800-225-2102 


fill tt iu 
BP MICROSYSTEMS 


713/461-9430 FAX 713/461-7413 
10681 Haddington, #190, Houston, TX 77043 
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RS-422/RS-485 
Boards for AT, 
Micro Channel 


RS-422/RS-485 asynchronous 

serial communication boards from 
Qua Tech available in 1 to 4 ports 
for PC-AT and compatibles and 1 
to 4 ports for PS/2 Micro Channel. 


Call for our free 
PC Interface Handbook: 


1-800-553-1170 


QUA TECH, INC. 
478 E. Exchange Street 
Akron, OH 44304 


PC-AT, Micro Channel, and PS/2 are trade- 
marks or registered trademarks of IBM Corp. 
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COMMUNICATIONS 


(508)485-1144 


FAX 508-481-7222 
BBS 508-460-9203 


LOW BUDGET SPECIALS 


19" COLOR SUPER VGA MONITORS 
LIKE NEW -- 6-MONTH WARRANTY $800.00 
USED -- 3-MONTH WARRANTY $600.00 
USED WITHOUT CASE $300 TO$500.00 

19" COLOR SONY 1280X1024 $1600.00 
THESE SONY TRINITRONS 

HAVE A FULL 6-MONTH PARTS 
AND LABOR WARRANTY. | 
LIMITED QUANTITY. it S 
16" Ikegami 64 kHz 1280X1024 _ Jliss oR 
New $899.00 Zp WeaS\ 
16" Panasonic 64 kHz “a 
Used $599.00 

14" Ikegami TTL VGA chassis, New, 1-year warranty $249.00 

19" PHILIPS 1024x800 48 kHzGRAYSCALE ... $350.00 

NEW, 1-YEAR WARRANTY. MAY BE ORDERED FOR VGA AT 

NO EXTRA CHARGE. IN VGA MODE, WILL RUN 800X600X256 

GRAYSCALE, OR 1024X768X16 GRAYSCALE ONLY. 


CALL US ABOUT OUR LARGE VARIETY OF GRAPHIC CARDS! 
194 Main Street Marlborough MA 01752 
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Over 150 Prototyping Adapters 


@ Adapt-A-Boards™ make it easy to adapt standard or 
high-density prototyping boards to a variety of packages. 
e For all package types: LCC, PLCC, PGA, PQFP, SDIP 
(shrink DIP devices), SOIC and more! 

e Bottom configurations adapt to wire wraps or solder tail 
pins. Boards conform to Mil-C-45204. 

e Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: 


Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 
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US 


Low Cost Data Acquisition 
and Contro 


Let's face it, just about 
anything you need in 
data acquisition/control 
already exists — if your 
already stretched 
budget can accom- 
odate it. That's why the 
Alpha Products A:Bus 
has cultivated a loyal 
following among thou- ; 

sands: from OEM's to hobbyists. A simple bus 
structure based on the concept of one function 
per board. And controlled by just about any 
computer from a game machine to a PS/2 Model 
50. Sure, you won't find the latest warp-speed, 
firebreathing CPU's on our boards, but why pay 
an 80960 to do a Z80's job ? Go ahead, call our 
operators for a free catalog or speak to an 
engineer at the number below. 


Call for catalog: (203) 656-1806 


Mon-Fri 9-5 Eastern time (or Fax 203 656-0756) 


| ful ALPHA (2;oclucis 


242-E West Avenue, Darien, CT 06820 
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ync, Communication up to 4,000ft; 2 or 4 wires; NS16450 UART; 
High speed version (256KB) - $165. 
mpatible with most comm. S/W. 
e)-$150 
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e NEC-7210 based card (compatible with Na 


‘Step 


@ Capable of independent and simultaneous control of up to3 steppe motors. 
e Programmable speed from 3.3 PPS to 3410 PPS; Built-in acceleration control. 
e Step Position Read-back; Opto-isolated outputs; Crystal based timing. 

e Pulse/Direction or CW/CCW pulse output. Includes 8 bit digital I/O port. 


MC/ VISA / AMEX Call today for datasheets! 


355 West Olive Ave, Sunnyvale, CA 94086 USA 
TEL: (408)730-5511 FAX: (408)730-5521 
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OrCAD 


Answers the 
PLD Challenge 


OrCAD, makers of the most popular 
EDA tools in the world, offer incredible 
power and ease-of-use in OrCAD/PLD. 
Imagine a $495 product that includes 
testing capabilities, JEDEC or hex out- 
put and 7 forms of input including 
Boolean equations, state machines, truth 
tables, indexed equations, logic synthe- 
sis and schematic entry. 


Cermetek 5 Call for a free demo disk and 
an guide. (503) 690-9881. 
. : OrCAD * 
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SPICE STABILITY ANALYSIS 


PC BASED 
EMULATORS 


@ Source Level Debug for 
PL/M and ’C’ 


SPICE Measured 
Data (Incorrect) | 
@ Source Level trace ps 
@ Debug with symbols, not 
HEX data 


@ Source Level disassembly 


with in-line assembler : 
@ Interchangeable probe cards Loop Gain : 
SPICE with 
@ Up to 128K emulation VS. LOOPGAINER 
memory 
@ 20 MHz real-time Frequency (Accurate) 
emulation 


@ Up to 4K trace buffer 
: , @ Performance analyzer 
MetaLink™...Originators Of fhe — » TRUE 8051 Emulation 
PC Based 8051 Emulator including all /O ports, idle, 
power down, DMA, and 
We have more 8051 emulatorsthan anyone —_WatchDog timers at NO 
in the world: 8031, 8051, 8032, 8052, 8344, 8044, _ Sdditional cost 
BOCIS2JA/JB/JCIJD, 83C152JANC, 800452, © Breaks set symbolically 
80C51FA, 80515, 80535, 80512, 80532, 80513, @ Fully documented 
800517, 800521, 80C541, 800321, 8053, 8XC 154, @ Serially linked to PC 
8XC451, 8XC552, 8XC562, 8XC652, 8XC751, @ OEM supplier to 8051 IC 
8XC752, 800537, CMOS, EPROMs, OTPs manufacturers 


Call or write for Free demo diskette ® mee: FREE technical 


1 -800-METAICE® @ From $1495* 
VV: liale 


LOOPGAINER Software: 
« Automated computer stability analysis 
¢ Works with any PC Version of SPICE 


« Accurate with any circuit, other methods use 
approximations that are often invalid 


¢ High resolution graphics 


« Automatically calculates stability margins 

« Manual explains theory in simple practical terms 
* Very easy to use 

* Only $175 


Ah Corporation CUSTOM 13324 Hawthorne, Suite 233 
MetaLink Corporation P.O. Box 1329, Chandler, AZ 85244-1329 Hawthorne, CA 90250 
(602)926-0797 FAX: (602)926-1198 TELEX:4998050 MTLNK INNOVATIONS 13) 514-4602 
*Price is U.S. list Electronic Design and Consultation a> e 


CIRCLE NO 344 CIRCLE NO 345 


PLM Gh TO "C' 


Translators !! 
e Directly converts PL/M programs to "C" 
e PL/M86, 80, 51, 96, 286 & 386 versions 
e Generates PL/M source listing fie 
e Flags PL/M syntax errors 
e Includes a PL/M error by-pass feature 


ELECTRONIC 
DESIGN 
SERVICES 


* Initial concept through prototype and 


production 
e Outputs "C" target file with comments - Design of advanced digital and analog 
e Assures logical equivalence electronics 
| e Includes a "C" beautifier * Approved programmable gate array de- 
e Requires 256K IBM XT/AT or clone sign center 


« Real time embedded software develop- 
ment - DSP code 
¢ 7,000 square foot facility with fully 
equipped labs 
* 12 year track record of successful prod- 
uct designs 
¢ Designs are warranted 
Defect Free Forever 
a mea ae (203) 
P IND th. bd 397-8722 
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e Runs under popular MS-DOS 2.0 + 

e Provided on 360K 5 1/4" DSDD disk 

e Includes User’s Guide & warranty 

e Updates & technical support available 
e $475 ea. + $5 s/h (foreign + $25 s/h) 


Micro-Processor Services Inc. 
92 Stone Hurst Lane 
Dix Hills, New York 11746 USA 
Phone: (516) 499 - 4461 


CIRCLE NO 347 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 


EDN March 29, 1990 


185 


IBM COMPATIBLE RS232/488 
3¥2 x 5%” FLOPPY DATA STORAGE 
& TRANSFER SYSTEM 


Information Transfer to/from ‘Non IBM Compatible Systems to/from 
IBM & Compatibles: (Over RS-232 or 488 Interface). 


e Reads & Writes MS DOS Disks 

¢ RS-232/488 |/0 

e Rugged Portable Package/battery option 

e MS DOS Driver for ‘‘Plug & Run’’ RS-232 
External Operation 

e Baud Rate 110 to 38.4K Baud 

¢ 360K/720K RAM Cartridge Option 

e Price$795in Singles-OEM Qtys. $350. 

28 other systems with storage from 100K to 42 megabytes. 


(ADI ANALOG & DIGITAL PERIPHERALS, INC. 


251 South Mulberry St., Troy, Ohio 45373 
P.Q. Box 499 TWX 810/450-2685 
ee Sisfsae-224i FAX 513/339-0070 
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6809 


Software 
to release 
your 
creative 


genius 


ELECTRONIC ENGINEERS CALL FOR 
YOUR FREE MAC & MSDOS CATALOG 


oo e AC/DC circuit analysis e Logic simulation 
ee = e Active & passive filter @ Root locus analysis 

sapul 2 port ve design & analysis e Microstrip design 

© EPROM, fealtime clock, e Engineering graphics + Thermal analysis 
@ Signal processing @ Statistics/ More 


4.5" = 6.5" PCB 
BV 


EXPANSION MODULES: RAM, EPROM, CMOS RAM/ 
To order call toll freee 1-800-229-0283 


battery, analog 1/O, serial 1/O, parallel 1/O, counter/ 
timer, IEEE-488, EPROM programmer, floppy disks, 

2023 Chicago Ave., Ste. B-13, Riverside, CA 92507 
CIRCLE NO 753 


nde 


Engineering 


Professional Software 


cassette, breadboard, keyboard/display. 


Wintek Corp. ' 
Lafayette, IN 47904 
800-742-6809 
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DATA I/0 PROGRAMMERS: 
GREAT, H/W FLEXIBLE. 


SAILOR PROGRAMMERS: 
GREAT, S/W FLEXIBLE. 

Find out why. Please call for a free demo disk. 
Sailors support: * 7ns PALs * 12ns GALs 


* 2-MEG EPROMs * PROMs * EEPROMs 
* EP900 * EP1800 * 8751 and many more 


1-800-627-2456 
FAX 408-736-2503 
Advin Systems Inc. 


Faulty Logic 
Find him quickly with the ease-of-use of the 
Logic Analysis System 


4k to 64k memory depth 

16 level triggering with pass counter 

40 to 320 channels 

A complete Logic Analyzer on a Card 
Interactive software under Microsoft™ Windows 
Source code in C for automatic testing 


eS 701 River Street 


Troy, NY 12180 
Bok. S.lcGl Ss ol Mec 


(800) 367-5906 
(518) 274-0755 
FAX (518) 274-0764 
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bo - oe 
Data 1/0: trade mark of Data 1/0 Corp. * Sailor: trade mark of Advin Systems Inc. 
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8051 Emulator - $1250 

d7ICE is a low cost, Full Speed, real time 8051 
Emulator.. Powerful user interface for Hi-level 
multi-window source code debugging. Uses 


IBM-PC COM1/2. No Slots! Portable, fits in 
shirt pocket. Assembler and test bed included. 


9 


ve 


Cybernetic Micro Systems 


Box 3000 e SanGregorio, CA 94074 
(415) 726-3000 e Telex: 910-350-5842 
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WANT 
ATTENTION 
FROM OVER 

139,000 


ENGINEERING 
SPECIFIERS? 


EDN PRODUCT 
MART 
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EXPRO-40 PC-Based 
Universal Device Programmer 


PC-ADAPTER DTYPE 
CARD 37 PINS CABLE 
8 SOFTWARES AVAILABLE FOR 
POPULAR DEVICE PROGRAMMING 

EPROM:NMOS or CMOS. _EEPROM:2816, 17A, 64A, 256A... 
BPROM: From 32x 8 to 4096 x 8 Bipolar PROM MMI, NS, 
Signetics, Tl, AMD, Motorola, Harris, Cypress MPU 8748: 
8748, 48H, 49H, 41A, 42H, 41AH, 42AH, 48AH, 49AH 
MPU 8751:8751/H, 52/H, 44/H, 51BH, 52BH, C51, C252 
PAL, EPLD, GAL, CMOS PAL: MMI, NS, TI, AMD, Cypress, 
Lattice, 16R8, 20V8, 20L10, 22V10, 22G10, 16V8, 20V8. 

IC Tester: 74xx, 40xx, 45xx, DRAM 


SONGtSCN international, Inc. 


44061 So. Grimmer Blvd., Fremont, CA 94538 
Tel: (415) 770-9051 Fax: (415) 770-9060 
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425,000 


ICs and Semiconductors 
at Your Fingertips 


Cahners CAPS is the newest component 
search and selection tool for electronic 
design engineers: 


e PC-driven, CD-ROM-based 


e Includes unabridged 
manufacturers’ datasheets 


e Represents more than 400 
manufacturers worldwide 


Call toll-free: 1-800-245-6696 
Cc AH NE R_S_ 275 Washington Street 
Newton, MA 02158-1630 
Telephone: 617-558-4960 
Facsimile: 617-969-6949 


Computer Aided 
Telex: 940573 


Product Selection 
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M, MICRO & 


MEMOR 


e Programs EE/EProms, Flash Eproms, ZPRams, Intel Micros, Memo Cards. 

@ Stand-Alone Mode for EE/EProms and Memory Card Duplication / Verify. 

@ All 24/28/32 pin EE/EProms to 4 MBits (upgradeable to 32 Megabits). 
Micros:8741/A,-2/A,-4,-8,-9,-51,-C51,-C51FA/B,-52,-53,-55,-C521,-C541,9761, 

e Modular design; Accepts dedicated modules: Memory Card programming 
module (Seiko/Epson), 4 socket Gang Programming module, custom modules, 

e Can be operated with any computer containing an RS-232 serial port. 


Hee OM CR OMMER $345-595. 


Optional built-in Eraser/Timer module ($50), Top cover conductive foam pad. 


e User friendly Menu-Driven Interface Program for IBM-PC and Macintosh, 
e Full 1 year warranty. Customer support via voice line, fax or dedicated BBS, 


GENT ROM EMULATOR _ $395 _ 


e Emulates 2716 through 27512 EProms with a single unit. Access time 120ns, 

e Connects to the standard parallel printer port via a standard printer cable. 

e User friendly software. Command set includes: Load(data), Write(data), 
Display(memory),Type(of EProm),Edit(memory),Fill(memory),Calculator, 
Reset(target system),Activate(debugging feature),Monitor(selected feature). 

e Debugging features include; Address Compare, Address Snapshot, Trigger. 

e Fast data loading via parallel printer port (64k bytes in less than 10 sec). 

@ Cascadable up to 8 units. Includes interface cable with Trigger and Reset clips. 

e CMOS (stand-alone) model with rechargeable NiCad battery backup: $495 


MC /VISA/ AMEX Call today for datasheets! 


a=: _ | B&C MICROSYSTEMS INC. 


West Olive Ave, Sunnyvale, CA 94086 USA 
L:(408)730-5511 FAX: (408)730-5521 


355 
TE 
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Cfor the 8051 
Compare: 


Benchmark Results —Sample program: 
Eratosthenese sieve Program from BYTE (1/83), 
expanded with I/O and interrupt handling. 


Archimedes 
ICC51 MCC51 FRANKLIN 
v2.20A v1.2 C51 v2.1 


Compilation time| 12 sec v 17 sec 


Linkage time 29 sec 6sec ~ 
Execution time | 17.45 sec 0.88 sec” 
Total code size | 5378 bytes 1706 vo 


Sieve module 736 541 "A 
size 


Call now for your free DEMO disk. 


€% FRANKLIN 


SOFTWARE, INC. 


888 Saratoga Ave. #2 * San Jose, CA 95129 
(408) 296-8051 « FAX (408) 296-8061 
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faHYBRIDS PHONE: (913) 764-6400 


INTERNATIONAL, LTD. FAX 913-764-6409 
311 NORTH LINDENWOOD DRIVE / OLATHE, KANSAS 66062 
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IEEE 48 


Easiest to use 
GUARANTEED: 


* IBM PC, PS/2, Macintosh, HP, Sun, DEC 
¢ IEEE device drivers for DOS, UNIX, 
Lotus 1-2-3, VMS, XENIX & Macintosh 
¢ Menu or icon-driven acquisition software 
- IEEE analyzers, expanders, extenders, buffers 
¢ Analog I/O, digital I/O, RS-232, RS-422, SCSL 
modem & Centronics converters to IEEE 488 
Free Catalog & Demo Disks © 
° (216) 439-4091 


tech 


\Otech » 25971 Cannon Rd. » Cleveland, OH 44146 
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Fast and easy 
Data Acquisition 


Torque Signai 
Fite Tr'1 


File Name:107 dat 
Hill 107 


neocon” 6 y =*:4 es 


DATA SMOOTHED WITH 
Torque Sigent toned LOW PASS FILTER 
ite Tr 1} 
File Name 
Hilt 107 J . as 
UnkelScope 


Menu-ariven software 
package for your PC 


JUNIOR - $125 
Take, store, retrieve, print data - perfect for Design 
Engineers 
LEVEL 2+ - $549 
Data acquisition plus: experiment control, data analysis. 
The complete package. 
FREE Demo Disk. Money-back guarantee f / 
ce 


Unkel Software inc. | 
(617) 861-0181 


62 Bridge St. Lexington, MA 02173 
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To advertise in Product Mart, call Joanne Dorian, 212/463-6415 


TRANSMISSION-LINE PROBLEMS? 
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interactive Transmission-Line Simulator 


Designing digital systems? With today's fast edges, chances are 
good you've got transmission-line problems. 
LineSim is a new tool just for transmission-line design. 

HeCEWICe. §6@ a push-button schematic 

@ two PCB-impedance caicuiators 

@ models for major device families 

@ an oscilloscope display 

@ a totally. interactive environment 


LineSim shows you your signals when it makes the most sense: 
before you build boards. And it'll teach you more about how 
transmission lines work than a whole pile of dusty books. 


30-day money-back Requires IBM PC with EGA. 
guarantee. y $595 
'] i . . i] 


P.O. Box 3578 Redmond, WA 98073-3578 (206) 869-2320 
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Surface Mount Chip Component 
Prototyping Kits— 
Only Z 


$4g% an 


CC-1 Capacitor Kit contains 365 pieces, 5 ea. of every 
10% value from 1pf to .33uf. CR-1 Resistor Kit contains 
1540 pieces; 10 ea. of every 5% value from 102 to 10 meg. 
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and 
available for Immediate One Day Delivery! 

Order by toll-free phone, FAX, or mail. We accept 
VISA, MC, AMEX, COD, or Pre-paid orders. Company 
P.O.'s accepted with approved credit. Call for free 
detailed brochure. 

~ 4 COMMUNICATIONS SPECIALISTS, INC. 

f +— 426 West Taft Ave. * Orange, CA 92665-4296 

Local (714) 998-3021 » FAX (714) 974-3420 


Entire USA 1-800-854-0547 
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Tango-Schematic Series Il." 
It simply works better. 


We listened to your suggestions and built the best in PC-based 
schematic capture. More versatile than OrCAD.” More 
features than Schema.™ Easier to use than 
DASH.” Thanks to our streamlined 
interface and integrated approach, 
Tango-Schematic makes creating 
complex schematics simple. 
Compare for yourself. 


Tango-Schematic features SEDCO™ 
libraries, with over 8,000 parts guaranteed 
for accuracy; integrated component creation, true 
ANSI/IEEE support; forward- and back-annotation; 
PostScript and DXF output; free tech support; and much more. 
It’s all there for just $495—guaranteed. 


_ FREE EVALUATION PACKAGE 
800 433-7801 619 554-1000 619 554-1019 Fax 


ACCEL™ Technologies @ 6825 Flanders Drive @ San Diego, CA 92121 USA 
International prices may vary. Contact us for the distributor nearest you. 
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PROTOCOL ANALYZER | | 
UNDER $200 


-| + Baud Rate Analysis 


© Data Monitoring in 
iodo INTEGRATION 
© Generate Test Data 
| Strings Obtain complete 
| © Displays on Oscilloscope Biieateh 
I. performance fr 
|e en oli Modes. your personal computer 
le be nose Serial CAD system when perform- 
_ "On EASY TO LEARN - EASY TO USE ___ Ing electronic packaging 
°0 | Disp! d ¢ Edit and compile while debugging in the IBM, PC/AT/XT _ design. From schematic capture 
* preal-Out Box. an * Access, display and modify variables with zero speed to printed circuit design, to 100% 


impact on 8096/196 microcontrollers. 
_ © Symbolic debugging with ASM96, PL/M96 & C96 
¢ Multiple hardware breakpoints. 


etion autorouting capabilities, it’s 
re. Now you have one more reason you 
e using PADS: Total Integration. Call our 
es Hotline today to receive a free Integrated - 
tion Package for the PADS-SUPERSTATION. 


Call Your Local Authorized Dealer 


In MA: (508) 486-8929 
__ Outside MA: (800) 255-781. 
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a6 Call 1-800-572-1028 for complete infor jon 
and the name of your local distributor ts | 


| Ann olis Micro Systems, Inc. 


GLOBAL SPECIALTIES 


70 FULTON TERRACE 
_ NEW HAVEN, CT 0651 a 


190 Admiral Cochrane Drive, Suite 301 
Annapolis, Maryland 21401 


(301) 841-2514 FAX: (301) 841-2518 
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JE680 Universal 
Programmer 
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-135H 
Universal Device Multiprogrammer™ 


DATA I/O 288* Performance 
For Only $1495. 


EMBEDDED 
DEVELOPMENT TOOLS 
with Symbolic Debugging 


* Programs PROMs, EPROMs, EEPROMs, 
PALs, GALs, RALs, EPLs and PLDs 


« Stand-alone or computer controlled 
modes w/MS-DOS menu-driven software 


« JEDEC standard supported 
| ° Parallel and RS232C interface ports 
-* Optional 40-pin MPU module available 


Listing of programmable devices and 
80-page catalog available upon request! 


JE680 Universal Programmer............$1799.95 
See ecoe "1355 Shoreway Road, Belmont CA 94002 


Put Macrochip Research on your product development team. All of the 
products liste¢ connect to the PC COM port and include PC based 
Macro Assembler, Symbolic Debugger, and Development Environment 
software. Macintosh development environment also Supported. All 
units shipped with 12 month warranty and 30-day, ‘‘no risk’’, 

guarantee. 


100% USA 
256K Bytes expandable to 4 Megabytes. Made 


Option Support for Bipolar & PLDs. 

8 32-pin Sockets for GANG/SET Programming. 
Programs EPROMs & EEPROMs to 2048K. 

GANG Options for 40-pin MICROs & 40-pin EPROMs!! 
Stand-alone or Remote Control. 

Parallel Port for Fast Up/Down Load. 

12Month Warranty & 12 Month FREE Device Updates. 


Call Toll Free 1-800-523-1565 


Developed and 
manufactured in the USA 


Phone (214) 242-0450 
FAX (214) 245-1005 


a a co Ph 5) 592-8097 Call or write for detailed 1301 N. Denton Drive 
ida: Ee . s one (41 - product information and Suite 204 IP 
In Florida: (407) 993-3520 + Fax: (407) 994 3615 FAX 15) 302-9503 bite Carrollton, 1X 75006 ene 
* DATA I/O is a registered trademark of DATA /O Corporation 
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aes a en cen 


48 CHANNEL 25 MHz LOGIC ANALYZER 


a a ———$— i: PC Board 
B Edit Text Files = a | , . . Layout 
{ § Launch SPICE - — AT LAST! 
are . = | A System 
tetpice (o> conriant intone voaseo = ff =| = Se Cifically designed for laying out 
a i eS ls oe Analog boards. All the features you 
Prolutie of SAPLE LASeR ORIUER _ | need for your most difficult boards, 
—s SCO | including digital designs. only $975 
——— *Groundplanes with dy- * Total control of trace 
namic airgap calculation length, width and angle 
* Solid and hatched ¢ Incremental component 


$1595.°+ POD PRICE na 
48 Chnnis @25MHz x 4K word deep/12 Chnnis @100MHz 


groundplanes rotation : . Se Gs 
1 igger wor evel Trigger Sequence 
L Odd-shaped pads and * Rounded and cham- a siete : ; <s of ‘isseibet s ek 
copper-fill areas fered bending points 2 
™@ Disassemblers available for: 68000, 8088, 8086, 80286, 
* Curved, tapered and »* Round and odd- “shaped 6801, 6811, Z80, 8085, 6502, 6809, 6303, 8031 
irregular traces boards, and much more 


NCI © 6438 UNIVERSITY DRIVE. 
HUNTSVILLE, AL 35806 


CADPOINT 714-494-1167 | 


3857 Birch St,Suite 584,Newport Beach, CA 92660-2660 (205) 837-6667 | 
CIRCLE NO 773 |. CIRCLE N NO 774 CIRCLE NO 775 
To advertise | in 1 Product Mart, call Joanne Dorian, 212/463-6415 
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An engineer’s guide to 


marketing 


Jay Fraser, Associate Editor 


( ' one are the days when an en- 
gineer could develop a device 


in isolation, turn it over to someone 
in manufacturing, and forget about 
it. Today’s engineer has to under- 
stand not only how a new product 
is conceived, manufactured, and 
tested, but also how it is marketed, 
sold, and serviced. This more exten- 
sive knowledge can be a crucial fac- 
tor in the success of a company’s 
products and the success of an engi- 
neer’s career. 

Marketing is one of those busi- 
ness activities that drives some en- 
gineers to distraction. The concept 
of marketing tends to be ill-defined 
and fuzzy. Almost anything that 
contributes to selling a product or 
a service—from package design to 
public relations—can be called part 
of marketing. 

“Tt is ill-defined and fuzzy in some 
ways. That’s one of the nice things 
about it,” says William Schweber, 
senior technical marketing engineer 
at Analog Devices in Norwood, 
MA. “A lot of marketing is based 


on intuition and experience, edu- . 


cated guesses, and not-so-educated 
guesses.” 
Like many marketers in high- 


The first in an occasional series ex- 
ploring aspects of modern business. 
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tech firms, Schweber is an engi- 
neer. He holds a BSEE from Co- 
lumbia University (New York, NY) 
and an MSEE from the University 
of Massachusetts (Amherst). He 
worked in hardware design and 
hardware/software integration of 
real-time systems at companies 
such as GTE/Sylvania and Instron. 
“At Analog Devices virtually every-_ 
body in marketing has been a work- 
ing engineer,” he says. “You have 
to have not only a technical back- 
ground, but you have to have spent 
a couple of years in the trenches 
as a designer.” 

Another aspect of marketing that 
bothers some engineers is that it 
doesn’t deal with hard facts and fig- 
ures or easily measurable results. 
It’s difficult to determine how much 
of sales is due to the marketing ef- 
fort and how much to the quality 
of the product. 

“Marketing is not an exact sci- 
ence,” says Mike Collins, marketing 
manager of the Microprocessor 
Products Group of Motorola Ine 
(Austin, TX). “It’s not like engi- 
neering, where you can design a cir- 
cuit and model it and test it and 
strive for perfection. In marketing, 
some questions don’t have answers, 
and you're not always working with 
perfect information.” 

Although it’s probably impossible 
to come up with a brief definition 
that will satisfy everyone, market- 
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ing can be described as all those 
business activities that are de- 
signed to direct the flow of goods 
and services from producer to con- 
sumer. 

“It’s all too easy from an engi- 
neer’s perspective to think that 
marketing consists solely of produc- 
ing a clearly written data sheet, 
getting it printed, and mailing it to 
anyone who asks for it,” says 
Schweber. “That’s only one small 
aspect of marketing. There’s much 
more. Not only what can we do or 
what do we want to do, but what 
do people want and why do they 
want it? And how do we differenti- 
ate ourselves from others offering 
similar products?” 

Marketing is as old as civilization. 
As soon as people began to barter 
goods, they became involved in a 
simple form of marketing. Until the 
20th century, business, in general, 
had a production orientation. The 
relative scarcity of goods meant 
there was seldom a shortage of buy- 
ers. Demand almost always ex- 
ceeded supply. 

In those days companies concen- 
trated on improving their products, 
because superior products would 
automatically attract customers. 
Marketing and sales efforts were 
minimal, because it was widely be- 
lieved that a good product would 
sell itself. That attitude was 
summed up in Ralph Waldo Emer- 
son’s famous saying: “If a man 
writes a better book, preaches a 
better sermon, or makes a better 
mousetrap than his _ neighbor, 
though he builds his house in the 
woods, the world will make a 
beaten path to his door.” 

What’s true in one century isn’t 
necessarily true in the next, and 
marketing changed greatly after 
World War I. The invention of the 
assembly line and other modern 
production techniques led to a dra- 
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matic increase in the amount of 
goods for sale. Customers had a 
much wider choice, and the tradi- 
tional seller’s market turned into a 
buyer’s market. 

Companies saw that it was no 
longer enough just to turn out a 
good product. They also had to find 
potential customers and convince 
them to buy that product. There- 
fore, they began to put much more 
emphasis on their sales and adver- 
tising efforts. 

Marketing went through another 


Illustrations by Jon Mcintosh 


significant change following World 
War II. At that time production of 
consumer goods skyrocketed, and 
many new products were intro- 
duced. Companies soon realized 
that even the most aggressive sales 
and advertising campaigns couldn’t 
guarantee a product’s success if 
there just weren’t enough people in- 
terested in buying it. 

Some innovative marketers be- 
gan making extensive surveys to 
find out what kind of products the 
public wanted. Using that informa- 
tion, companies developed products 
precisely targeted to their potential 
customers. This switch from prod- 
uct-orientation to consumer-orienta- 
tion marks the beginning of the era 
of modern marketing. 

“The difference between market- 


ing and sales,” says Collins, “is that 
marketing is bringing a product to 
a customer, whereas sales is bring- 
ing a customer to a product. Mar- 
keting is before the fact. In market- 
ing we go out and talk to customers 
and find out what their needs are, 
then try to create products that will 
fit those needs.” 

Like Schweber, Collins is an engi- 
neer. He received his BSEE from 
the University of Tulsa (Tulsa, OK) 
and his MSEE from Rice Univer- 
sity (Houston, TX). Later he 
earned an MBA at the University 
of Texas (Austin). Collins worked 
for two petrochemical instrument 
companies in Texas designing mi- 
croprocessor instrumentation for 
metering natural gas. Many of his 
colleagues in Motorola’s marketing 
department are also engineers. 

Collins feels his engineering 
background has been invaluable in 
his present job for two reasons. 
“One is that engineering teaches you 
discipline, organization, and an ap- 
proach to problem solving,” he 
says. “The other is that I under- 
stand the technical aspects of the 
products I’m marketing.” 

Just as it’s important for market- 
ers to understand the engineering 
that goes into their companies’ 
products, it’s equally important for 
engineers to understand how those 
products are marketed. Another 
significant reason why engineers 
should understand marketing is 
that it will give them more control 
over their work. 

“Engineers need to have more 
control over what they’re doing,” 
says Holly Stump, director of mar- 
keting for Logic Modeling Systems 
in Milpitas, CA. “In order to get 
that control they need to under- 
stand marketing functions, such as 
new-project specifications and defi- 
nitions and the market research 
that leads to the development of a 
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project.” 

Stump holds a BSEE from the 
Illinois Institute of Technology 
(Chicago) and an MS in Engineering 
Management from Stanford Univer- 
sity (Stanford, CA). She worked for 
Hewlett-Packard, first as an IC de- 
signer, then as a project manager 
in an IC design group. 

“Part of my charter as an engi- 
neering manager was to obtain new 
business for the designers in my 
group, so that gave me a little taste 
of marketing,” she says. “The mar- 
keting function had a lot of overlap 
with engineering management, and 
some of the decisions that are made 
in marketing can have a much 
greater impact than even engineer- 
ing-management' decisions can 
have.” 

Before a company attempts to in- 
troduce a new product, its market- 
ing department devises a strategy 
and draws up a plan. A marketing 
plan begins with a target market, 
the group of potential customers a 
company wants to reach. Markets 
can be defined in different ways— 
by geographical location, by income 
level, by age, by gender, or by com- 
binations of these and other factors. 

Once a target market has been 
selected, the marketers try to esti- 
mate how large a demand exists for 
the new product. Although there 
are many techniques for estimating 
demand, none of them is foolproof. 
Survey data can be incomplete. In- 
terview subjects can be unreliable. 
The results of previous marketing 
efforts can be inapplicable. 

Any comprehensive marketing 
plan has to take into account what 
some textbooks refer to as the four 
Ps. A company must develop the 
right product, support it with the 
right promotion, give it the right 
price, and put it in the right place. 

“In planning the introduction of 
a new product, the most important 
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thing you have to understand is how 
that product is going to help the 
people who are going to purchase 
it,” says Stump. “Without that un- 
derstanding, you’re just going 
through the motions. You won’t be 
emphasizing the right characteris- 
tics of the product. That’s one of 
the reasons having an engineering 
background is so important.” 

Engineers also have to under- 
stand the long leadtimes involved 
in marketing. “If an engineer is de- 
veloping a product and, after a year 
of work, when it’s done, says, ‘Here 
it is—now go sell it,’ it’s too late,” 
says Schweber. 

“Marketing leadtimes are on the 
order of months and months,” he 
adds. “You have to start on the data 
sheets and support literature, start 
on training the sales force, start on 
your plans for how to promote the 
product, long before the product is 


ready, in parallel with the product’s 


design cycle.” 

Marketing plans involve dozens, 
sometimes hundreds, of variables. 
When marketers talk about “place,” 
for example, they don’t just mean 
where customers can _ purchase 
products, but also the means used 
to get products to customers. 
“Place” can include channels of dis- 
tribution, transportation, ware- 
housing, inventory control, and re- 
tail outlets. Marketers have to or- 
ganize all of these to make sure that 
products get to customers at the 
right time and in the right quantity. 

When a product is introduced suc- 
cessfully, the personal satisfaction 
can be great. “The main satisfaction 
in engineering is creating a com- 
plete and working product and ship- 
ping it,” says Schweber. “In mar- 
keting the satisfaction comes from 
solving people’s problems that 
weren't solved adequately before. 
The greatest satisfaction is when 
the product you have becomes num- 


ber one in the market, because that 
means it met people’s needs.” 

Marketing has other rewards as 
well. “I like getting out and meeting 
people. I like seeing various appli- 
cations of products. And I like roll- 
ing up my sleeves and helping peo- 
ple design their projects,” Collins 
Says. 

“In engineering you’re a rather 
independent contributor,” says 
Stump. “In marketing many others 
are helping you to be successful, 
and you’re helping them. You get 
a lot of gratification out of being a 
focal point for many types of activi- 
ties, such as solving problems and 
managing outside resources.” 


Getting started in marketing 


The careers of Schweber, Collins, 
and Stump show that marketing can 
be a richly rewarding field for an 
engineer. Moving into marketing 
can be a logical step for an engineer 
who wants to get away from the 
bench and have more interaction 
with customers. But how can you 
get started? : 

“That should be very easy in most 
companies,” says Stump. “What 
you do is volunteer for more work. 
Ask the marketing manager or the 
director of marketing about partici- 
pating in a marketing program. 
Everyone in marketing would love 
to have an engineer volunteer to 
attend a trade show or give a tech- 
nical paper or write a technical arti- 
cle for a journal. Marketing people 
would be delighted to have an engi- 
neer be a spokesperson at a product 
introduction and talk about the 
product and its utility.” 

Collins notes that engineers 
sometimes have a unique opportu- 
nity to give themselves some first- 
hand marketing experience. “Many 
times after an engineer has de- 
signed a new product, until the 
manuals are written and the sales 
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Personal Programming 
from your PC to silicon 


ES Ebi force is trained on it, he’s the one 
CMOS NMOS — GaAs | cee person in the world who under- 


stands that product best. That’s his 


| ARCHITECTURE opportunity to spread his wings. 
“He could put together a presen- 

_EPLD |] EEPROM |} PROM Micro}. MM | tation and go out and give it to cus. 

! : : tomers. He could talk to customers 


1000’ s of devices in a Single Socket and get direct feedback from them. 


Until information about the product 


Fastest Downloading iy is widely disseminated, he is the 
ales gS PLD Vector testing soit Gin 

eee Pe ee ee pnacar im ee If you don’t want to leap right 

_ Ves one into the front lines of marketing, 

"> Flash and Megabit EPROMs it. You can write or phone the 

Vv SS anal ec so American Marketing Association, 


there are other ways to learn about 
Options: | (Chicago, IL), which has 98 chap- 
e PLD GANG | ters across the country, plus 386 
e EPROM GANG collegiate chapters. They will send 
ISET you an information packet about 
e SMD packages marketing and put you in touch 
e PLD AutoTest with your local chapter. The Asso- 
ciation sponsors seminars, classes, 
and luncheons where you can meet 
professional marketers. They also 
publish a biweekly newspaper and 
provide placement services. 

Many large companies offer their 
own introductory marketing cours- 
es. Courses are also available in the 
evening divisions of many colleges 
and adult-education centers. In ad- 

In Europe contact (49) 7522-5018 Tel (49) 7522-8929 Fax dition, working in some areas of en- 

In Japan contact (44) 434-4911 gineering, such as applications and 

SPRINT. is supported by over 50 distributors world-wide! Held service, will give. you. direct 
contact with customers and involve 

you in some marketing functions. 
Even if you have no intention of 
moving into marketing, a solid 
knowledge of how it affects what 


. ; you do will help you in your work 
DID YOU KNO V¢ ? and show you new options for your 


career. 
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Hey, you’re looking 
pretty glum... 
What’s the matter? 


SMT Man! You’ve come 
just in the nick of time! 
| need your help! I’m 
stuck on designing this 
circuit board. 


lip Transformer 


up transformer has absolutely no 
o TDK advancements in magnetic 
ive materials, and multilayer 

cansformer features a completely 
with inherent magnetic shielding. 
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Terminai 


Conductor 
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ductor (Wound Micro Chip Inductor) 


‘was developed to combine 

n high inductance up to 1000yH. 
sed magnetic circuit structure 
tic shielding, making this chip 

'y mounting applications. It features 
‘and achieves a high Q factor. 


Terminal 


Winding 
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MI Filter 

£MI Filter, ACF Series, is a 

te chip bead and multilayer ceramic 
ch has an attenuation of over 
650MHz frequency range and 

‘ construction accounts for its 

: shielding characteristics. 

se the Micro Chip EMI Filter, 

y 1.8mm (.07 inch) thick, it 

‘ch for 


Ferrite 


Resin insulation 


Multilayer ceramic 
chip capacitor 


GND Temrminal 


Leadless EMI Filter (wound chip EMI Filter) 


The rendering of the EMI filter into a chip format 
has been considered essential for the creation of 
the smallest and lightest electronic products. TDK 
was one of the first to do it. Our leadless EMI 
filter is effective against EMI in signal lines, and 
has been designed for good solderability, thermal 
resistance, moisture resistance, and mechanical 
strength. 


Multilayer Ceramic 
Chip Capacitor 
Molded with 


Internal ; 
resin 


\NN 
electrode WN 


Terminal ae 
Winding 
Ferrite core 


s 


NLL4532 
C: 33~100,000pF L: 1~220yH 


Leadless Line Choke SF Coil 
(Wound Chip Line Choke) 


By employing advanced winding technology, TDK 
has developed magnetic material with excellent 
absorption of thyristor switching noise. Molded in 
resin, they are ideal for eliminating EMI in power 
supply lines for digital circuits. 


Internal electrode 


SFMR820 
SFM0520 Terminal 
SFM1010 

Inductance: 0.8~10uH Rated Current: 1-2A 


Leadless Inductor/Power-Line 


Leadless Inductor (Wound Chip Inductor) 


TDK’s advanced winding technology together with 
compact ferrite cores with highly precise performance 
characteristics are what make 
TDK Leadless Inductor unique. 
Power-Line Leadless Inductor 
is ideal for EMI suppression in 
power lines with 60 ~ 1800mA 
current rating. Both feature 
metal terminals and come 
molded in resin for maximum 
reliability. 


NL322522 L: 0.01 


Molded with 
resin 


Winding 


Core 


Molded with resin 
! 


Molded with resin 
(Shielded type) 


Internal electrode 


0.01 (450) ~ 220uH (50mA) 
NL453232 L: 1.0 (450) ~ 1,000nH (30mA) ial 
NL565050 L: 1,200 (75) ~ 10,000uH (25mA) . 
NLF453232 L: 1.0 (150) ~ 1,000uH (15mA) PETES OORe 
[Shielded Inductor] Winding 
NLO322522 L: 1.0 (850) ~ 3304H (60mA) 
NLC453232 L: 1.0 (1050) ~ 220uH (120mA) 
NLC565050 L: 1.0 (1,800) ~ 1,000uH (85mA) 


Leadless LC Trap (wound chip LC Trap) 


TDK’s LC trap is a composite consisting of a 
miniature coil and a multilayer ceramic chip capacitor. 
A new proprietary structural design affords highly 
accurate dimensional control, making this chip well 
suited for fully automated mounting systems. 
Metal terminals insure excellent solderability. 


Multilayer Ceramic 
Chip Capacitor 


Molded with 
A) resin 
Internal electrode = 


Winding 


Terminal . 
Ferrite core 


i 


NLT4532 
F range: 630kHz ~ 13MHz 
Tolerance: +2% Attenuation: 20dB min. 


Ferrite Chip EMI Suppressor 


This chip EMI suppressor features proprietary new 
materials and incorporates the latest advances in 
chip technology. The device effectively eliminates 
EMI and prevents parasitic oscillation. A , TDK 
proprietary structural design insures high impedance 
per volume, and coverage over a wide frequency 
range. 


Conductor 


Terminal 
Electrode 


Resin insulation 
— Ferrite bead 

ACGB201209 Zo: 7, 10, 112 ACGB322513 Zo: 31, 52, 600 
ACB321611 Zo: 19, 26, 310 ACB453215 Zo: 70, 120, 1252 


NTC Chip Thermistor 


The Negative Temperature Coefficient chip 
thermistor is a temperature compensation device. 
Although in chip form, it has the same basic 
performance characteristics as conventional lead-type 
NTC thermistors. The NTC chip thermistor can 
also be utilized to make a temperature compensation 
circuit on a PC board. Nominal resistance and 
temperature characteristic tolerances have been 
reduced to extremely low levels. 


Terminal 


NTC CS3216 R typical: 
1.0~ 150kQ at 25°C 
Temp. Range: — 25~ +85°C 


Thermistor element 


simplifying High Density Placement-TDK Surface Mount Devices 


Multilayer Ceramic Chip Capacitor 


This line of capacitors offers a wide range of 
capacitances, temperature characteristics, and sizes, 
with terminals designed for excellent solderability. 
As a leading manufacturer of ceramic capacitors, 
TDK remains committed to bringing you the highest 
possible product reliability and stability at all times. 


Terminal 


Ceramic dielectric 


Internal electrode 


C1608 (CC0603) C:0.5~220,000pF ©3225 (CC1210) 
G2012 (CC0805) C: 0.5pF ~ 1pF C4532 (CC 1812) 
C3216 (CC1206) C: 0.5pF ~ 2.2yF C5650 (CC2220) 

e 


50pF ~ 3.3uF 
400pF ~ (pF 
100pF ~ 1.5 uF 


CG: 7 
C:2 
C:5 
ee 


Large-Capacitance Multilayer Ceramic 
Chip Capacitor 

Large-capacitance multilayer ceramic chip capacitor 
covers the capacitance range normally associated 
with electrolytics. It features a non-polarized 
construction and a long life. This large-value 
capacitor is seeing widespread use in switch-mode 
power supplies. . 


Resin 


Terminal 


Ceramic dielectric 


Internal electrode 


SS 
HC8050 C: 1.5~6.8yF 
HC1063 C: 2.2 ~ 10pF 
TC: +20, — 30% (—25~ +85°C) 


Multilayer Ceramic Chip Capacitor 
Network 


Through advanced multilayer and integration 
processes, TDK can incorporate a network of 

12 ceramic capacitors into a single chip, with your 
choice of capacitances and interconnection topologies. 
In addition, these networks are made of high- 
performance insulating materials, allowing other 
chips to be mounted directly onto the surface. 
This provides compatibility with the new generation 
of hybrid chip designs. 


HC1280 C: 3.3 ~ 22uF 
HC1612 C: 10~47yF 


Internal electrode 


MCN7575 


TC; COH, 1~ 100pF (12 capacitors) 
> SL, 10~ 1,000pF (TC: — 1,000 ~ +350ppm/°C) 


Terminal 


Class II, 100 ~ 470,000pF 
(12 capacitors) 


Multilayer Chip Inductor 


TDK created the world’s first inductor without 
windings by using alternating layers of ferrite paste 
and conductive silver paste. The unique properties 
of TDK ferrite give a monolithic closed magnetic 
circuit with excellent shielding properties, for 
suitability in high-density configurations. A whole 
series of multilayer chip inductors are available, 
starting with the smallest 2012 series. They measure 
only 2.01.25 x 0.6 to 1.25mm (.079 x .049 x .024 
to .049 inches). 


Conductor 


Terminal 


Ferrite 


MLF2012 L: 0.047 ~ 33uH 
MLF3216 L: 0.047 ~ 33uH 


Multilayer Chip LC Filter 


TDK’s multilayer technology and simultaneous 
sintering of magnetic materials and ceramic dielectric 
materials have created this advanced chip LC filter. 
An inductor, transformer, and capacitor are layered 
and integrated into a single monolithic chip measuring 
only 5x5x 2.8mm (.197 x .197 x .110 inches). This 
closed magnetic circuit eliminates cross talk and 
makes this chip ideal for high-density mounting 
applications. 


MLF3225 L: 39 ~ 220uH 


Ceramic dielectric 


MXF3535H, B, L, D 
MXF4532H, B 
MXF5050H, B, L, D 
HPF, BPF, LPF, Delay Line 


Multilayer Chip LC Trap 
Multilayer Chip IF Transformer 


This Multilayer Chip LC Trap and Multilayer Chip 
IFT feature new chip construction obtained by the 
simultaneous sintering of different materials, such 
as ferrite and conductive and ceramic dielectric. 
Both house closed monolithic magnetic circuits 
which eliminate cross talk. Their compact size is 
ideal for high density mounting. 


Ferrite 


Internal electrode 


Conductor 


Ceramic dielectric 


Internal 
electrode 
Ferrite 


Terminal 


Conductor 


MXT4532 MIA4532 F: 455kHz 
MXT5050 MIF4532 F: 10.7MHz 
F: fot3% 


F range: 700kHz ~ 10MHz 


Multilayer CI 


This innovative cl 
windings, thanks t 
materials, conduct 
technology. The t: 
monolithic design, 


MTT4532 L: 10 ~ 200uH 


Micro Chip Ir 
This chip inducto1 
miniature size wit 
Its proprietary clo 
insures full magne 
ideal for high-densii 
low DC resistance 


Ferrite core 


Resin insulation 


p 


ACL3225S 
L: 0.01~ 1,000uH 


Micro Chip § 
This Micro Chip | 
combination of ferr 
chip capacitor. Ea 
25dB in the 4.5 tc 
its compact ferrite 
excellent magneti 
In addition, becau 
ACF Series, is on 
matches IC pin pi 
high density 
mounting. 


a . 
| if 3 


Terminal “I 
1 
tT 


{ 
{ 
{ 


BB 
ACF453218 


Attenuation: 25dB min. 
F range: 4.5 ~ 650MHz 


If You Want To Take Your 
Fiction,We May Just Have 


Notice how everything 
is based on specialized 
materials know-how 
used to develop 
magnetic, ceramic dielectric, 
resistive, conductive 

and electrode materials— 
each with its 

own specific electrical 

and physical 
characteristics. 


OK. Come with me. | was 
just heading out to 
TDK’s Total SMT World. 


Now, this multilayer LC 
filter integrates 7 
capacitors, 2 inductors 
and 2 transformers in 
1 chip. It’s a product of 
TDK’s expertise in the 
thick film printing of 
fine patterns and 
simultaneous sintering 
of different materials. 


This external electrode 
features excellent 
solderability, thermal and 
moisture resistance, 
mechanical durability and 
carefully controlled 
silver migration. 


Wow! It'll be 5 years 
before anyone else 

learns how to produce 
monolithic circuitry 
like this! 


~ 


Applications Out Of The Realm Of 
The Approach To SMT You Need. 


You got it. And notice 
the fine design and 
winding technique in 
this miniature ferrite 
core. 


With these special 
wound SMDs to boot, 
you've fulfilled 

everything on my wish 


(it | 


\ 


\ 


Ah, we’re approaching 
the other end of the 
SMT universe. The TDK 
AVIMOUNT Series of 
high-speed sequential 
feed factory automation 
equipment gives you the 
high mounting precision 
you're looking for. Who 
else do you Know that 
makes chip components 
plus automated 
mounting equipment like 
this pick-and-place 
robot? 


r 


Electrode designs like 
these provide greater 
reliability, right? 


TDK’s gotta be the only 
one. That was an 
enlightening journey, 
SMT Man! Now | know 
just how diverse TDK’s 
Total SMT World 

really is! 


ty Edge. 


y Line is of a 
‘and incorporate 
of original TDK 
omprised of a chip 
chip capactior. 
able compact unit. 


Terminal 


tilayer ceramic chip capacitor 


CX-5230NS 
C1 CX-5030F 


SM Transformer/Inductor 


TDK’s highly miniaturized transformer/inductor is 
designed for today’s high-density surface mount 
applications. The component features two distinct 
cores: one high-permeability ferrite core, and one 
low-loss ferrite core with high saturation magnetic 
flux density. The former is well-suited for applications 
requiring a high-performance 

pulse transformer or <3 
wide-band transforme 
while the latter is 
optimized for high- 
performance DC 
to be converters. 


Ferrite core 


Bobbin 
Terminal 


EES, EE12, ERS.5, ER11/5, ER14.5/6, 12 


CX-5030DD 
CX-5030DV 


Automatic Chip Component Mounter 


ideal for upgrading line capability according to the 
»xible, the CX-5230NS has 10 nozzles to mount 8-32mm 

30F has five nozzles to mount odd shaped components. 
)030DV have two mounting heads. These machines 
.) of 8-32mm tape widths. The CX- ea pe GUO b 


Unit dimensions 
mm (inches) 


Max. 457L x 356W 


(17.99L x 14.02W) 1180L x 1160W x 1573H 
Min. 90L x 60W (46.46L x 45.67W x 61.93H) 
(3.54L x 2.36W) 


'@SCSSSSSSSSSSSSSSSSSSSSSSHSSSSHSSSSHSSSSSSSESSSESSESSS8SESSSEEEEE 


CXS 


, two mounting 
AVIMOUN T CX-6 
) components/hr. 
ss and the unit 
‘s of components— 
ymponents. 
shed by simple 
; manufacturing of 
yonent changeover. 
e system 


CX-6160 
Automatic Chip Component Mounter 


$; components, thereby assuring high mounting precision. 


pes 


| Spee 
component | 8 

Max. 457L x 356W (17.99L x 14.02W) 
Min. 90L x 60W (3.54L x 2.36W) 


Unit dimensions 

_ mmi(inches) | 
2980L x 1430W x 1548H 

(117.32L x 56.30W x 60.94H) 


PC Board dimensions _ 
mm (inches) 


Multilayer Hybrid Circuit 


TDK Multilayer Hybrid Circuit, used as an equalizer 
amplifier, integrates 16 capacitors, 16 resistors 
and 1 IC all on a single chip and measures 

8.5 x 7.0 2.4mm (0.33 x 0.28 x 0.09 inches). 


SM Step-up Inductor 

(For Unimorph Piezoelectric Buzzer) 

This miniature step-up inductor features high 
inductance, and works with the unimorph piezo- 
electric buzzer circuit to produce high sound pressure 
levels. The inductor is compatible with fully 
automatic mounting systems. 


Ferrite core Terminal 


Winding 


Satellite Computer System 


The AVIC-7800EX satellite computer system 
can control up to eight AVIMOUNT machines. 
When you put an AVIC-7800EX in your 
production line, you get equal load capacities 
since program instructions are dispensed in a 
well-balanced manner. 


FUNCTIONS 

1) DNC communications 2) Achievement and 
schedule management 3) Sequential manufacturing 
line management 4) Machine control 5) NC 
Program management 6) Automatic program 
generation for respective machines 7) Program 
compiling and editing for respective machines 
8) Communication with the host computer in 
TDK standard format. 


Ceramic Chip Filter 10.7MHz 


Compact TDK 10.7MHz Ceramic Chip Filter for 
FM tuners is perfect for automatic mounting 

(6.4 x 3.3 x 1.2mm—.25 x .13 x .05 inch). Its original 
capsulated metal terminals allow for excellent 
solderability and prevent silver migration. 


Resin Terminal 


Piezoceramic 


Terminal 


CEF1070 
F: 10.7+0.03~ +0.12MHz 


Systematization- TDK Automated Mounting Technology 


RX-4260 
| CI Automatic Chip Component Mounter 


The AVIMOUNT RX-4260 high-speed mounting 
system is ideally suited to factory automation 
requirements. It features a rotary disk head—an 
industry first. In addition, the RX-4260 has a 

~ sequential supply system for easy batch changeover 
and for communication with the system’s host 


computer. And, since the RX-4260 is a core piachie. it ¢ can ai lente with 
other types of machines for increased component mounting capacity. 
For example, an RX-4260 linked to a CX-5030 mounter can handle up to 


90 different types of components. 


RX-4260 8, 12mm taping 


0.29 sec. 


SM Pulse Transformer 


This surface mount pulse transformer achieves 
miniaturization through advanced winding technology 
and a small, high performance toroidal ferrite core. 
Its high level of reliability makes it ideal for signal 
transmission applications. 


Molded with 


: F “HEY, resin 
Toroidal coil HH ((( VS ay 


Terminal 


Raet Se S Substrate 


CPT6 x6 L: 10~100nH CPT10 x10 L: 100~1,000uH 
Winding ratio N1:N2; 1:1 Winding ratio N1:N2:N3; 1:1:1 


: hax 381L x 305 S 
Min. 150L x 100W (5.91L x3. 94W) (96.85L x 86.61W x 62.99H) 


CX-4240 
| CJ IC Mounter with Vision Cameras 


- The AVIMOUNT CX-4240 is a special-purpose mounting 
system designed for extremely high mounting precision. 

_ Asystem with two high-resolution vision cameras detects and 

~ corrects skewed positions, bent leads and planerity, and 

- fiducial marks on the PC boards. Any problems are quickly 

~ corrected, for high levels of precision and accuracy. The 

- CX-4240 handles flat package ICs, and can accommodate 
up to 40 types of SOPs, QFPs, PLCCs, and LCCs. The 

- 3-nozzle design enables the mounting of threé ICs in a single 
operation, with speeds as fast as 2.5 seconds per component. 


: 12~36mm taping, 
/ CX-4240 TAPE PAK®, MSPAKS 


40 types 2.5 Sec. 


Max. 508L x 457W (20.00L x 17.99W)| 


Min. 90Lx 60W (3.54Lx2.36W) | (70.87Lx55.51W x 62.60H) 


W)|  2460L x 2200W x 1600H 


1800L x 1410W x 1590H 


SM Active Delay Line 


This Surface Mount Active Dele 
5 output lumped constant nature 
Fast TTL elements. A product « 
design, each active delay line is ¢ 
inductor and multilayer ceramic 
Together they form a highly reli 


Molded with resin 


Substrate 


Inductor 


i 


SAD Delay Time: 20 ~ 250nsec. 


avimoul 


The AVIMOUNT CX-5 Series 
manufacturing scale. Compact and 
taping components and the CX-& 
Both the CX-5030DD and the Cx 
mount 30 types of components (mz 
with a dispenser,mounts compon 
onto solder paste. The CX-50301 
equipped with vision cameras, 
precisely mounts components by 
utilizing image processing. 


CX-5230NS 


8~ 32mm taping 
16~32mm 

taping, stick 
8~ 32mm 

taping 


8 ~ 32mm 
taping, stick, tray 


avimoul 


A complete FMS package in its! 
heads and one sequence head let tk 
realize a mounting speed of 12,( 
Each mounting head has 20 noz 
can handle a maximum of 160 ty 
from micro chips to odd shaped 
Lot changeover is easily accom} 
programming, allowing continuc 
various types of PCBs without coi 
Equipped with a vision camera, 
automatically centers and positi 


CX-6160 8~ 32mm taping, 
stick 


CX-5030F 


CX-5030DD 


CX-5030DV 


Your SMT Solutions 
Specialist. 


TDK 
TOTAL 
SURFACE MOUNT 
TECHNOLOGY 


4 T DIK. 


To receive a copy of TDK’s SMT catalog, containing all SMDs and AVIMOUNTS® systems, contact the TDK office nearest you. 


TDK CORPORATION OF AMERICA HEAD OFFICE 1600 Feehanville Drive, Mount Prospect, IL 60056, U.S.A. Phone: (708) 803-6100 CHICAGO REGIONAL OFFICE Phone: 
(708) 803-6100 INDIANAPOLIS REGIONAL OFFICE Phone: (317) 872-0370 NEW YORK REGIONAL OFFICE Phone: (516) 625-0151 LOS ANGELES REGIONAL OFFICE Phone: 
(213) 539-6631 DETROIT DISTRICT OFFICE Phone: (313) 353-9393 NEW JERSEY DISTRICT OFFICE Phone: (201) 736-0023 BOSTON DISTRICT OFFICE Phone: (508) 624-4262 
HUNTSVILLE DISTRICT OFFICE Phone: (205) 464-0222 GREENSBORO DISTRICT OFFICE Phone: (919) 292-0012 DALLAS DISTRICT OFFICE Phone: (214) 506-9800 
SAN FRANCISCO DISTRICT OFFICE Phone: (408) 437-9585 TDK ELECTRONICS EUROPE GmbH. HEAD OFFICE Christinenstrasse 25, D-4030 Ratingen 1, F.R. Germany 
Tel.: (02102) 4870 RATINGEN OFFICE Harkortstrasse 6, D-4030 Ratingen 1, FR. Germany Tel.: (02102) 4870 STUTTGART OFFICE Tel.: 0711-780560 PARIS LIAISON OFFICE 
Tel.: 1-46.02.71.65 MILANO LIAISON OFFICE Tel.: 02-98240813 TDK U.K. LIMITED COMPONENTS DEPARTMENT TDK House 5-7 Queensway Redhill, Surrey RH1 1YB 
United Kingdom Tel.: 0737-772323 TDK CORPORATION KOREA BRANCH Phone: Seoul (02) 554-6633 TDK CORPORATION BEIJING REPRESENTATIVE OFFICE 
Phone: (01) 512-3111 TDK TAIWAN CORPORATION HEAD OFFICE Phone: (02) 712-5090 TDK HONG KONG CO., LTD. Phone: 3-7362238 TDK SINGAPORE (PTE) LTD. Phone: 
2735022 TDK DO BRASIL IND. E COM. LTDA. Phone: (011) 289-9599 TDK CORPORATION 13-1, Nihonbashi 1-chome, Chuo-ku, Tokyo 103, Japan Phone: Tokyo (03) 278-5111 


CONCEPTS 
REALITY 


EDN March 29, 1990 


Rockwell Graphic Systems is the 
leader in the development of the most 
technologically advanced newspaper 
and commercial printing equipment in 
the world. As a division of Rockwell 
International, a multi-national 
Fortune 100 Corporation, we're 
dedicated to developing new products 
and technologies to increase 
productivity and production quality 
for our domestic and international 
customer base of newspaper 
publishers and commercial printers. 


Our software engineering 
professionals help us realize our 
unequaled performance and 
innovative technologies which extend 
beyond state-of-the-art. Their 
expertise, persistence, initiative and 
dedication has brought us to the 
forefront of leading technologies. 


To promote our leading position and to 
continue to meet our future goals, 
we're seeking talented and 
experienced software engineering 
professionals who possess the 
commitment necessary to make 
concepts reality. 


Software engineering opportunities 
currently exist at the following 
levels: 


- STAFF ENGINEER 

¢ PRINCIPAL ENGINEER 

- SENIOR ENGINEER 

- DEVELOPMENT ENGINEER 


Selected candidates will possess a B.S. 
or MS., or working equivalent, in 
software engineering or similar 
discipline and appropriate related 
experience. 


Rockwell Graphic Systems offers 
a highly competitive salary and 
benefits package which includes life/ 
medical/dental insurance, tuition 
reimbursement, a 401(K) savings plan 
and a pension plan. To learn more 
about these opportunities, please 
send your resume complete with 
salary history to: Staffing Manager, 
Dept. C190, Rockwell Graphic 
Systems Division, 700 Oakmont 
Lane, Westmont, IL 60559. Equal 
Opportunity Employer M/F/H/V. 


A Rockwell International 


...where science gets down to business 
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Software & Systems Professionals 
The Winning System 
Needs Your Vision 


Make the right career move and you could be on your way to a level of involvement and 
challenge that few companies can match. Where you have access to the most powerful 
tools and technologies available for systems engineering and integration. Where you ll be 
free to apply your vision of systems technologies for tomorrow. 


That's the kind of potential you can expect when you join the winning system of GE 
Aerospace Military & Data Systems Operations. Whether you choose our facility in Valley 
Forge, PA, a suburb of Philadelphia, or our offices in metropolitan Washington, DC, you'll 
thrive in an atmosphere that welcomes initiative and ingenuity . . . and rewards it. And 
you'll be instrumental in developing and maintaining the systems that America must have. 


The challenges we offer are not for everyone. They require the personal drive, the tech- 
nological know-how and the people skills to see the mission through to completion. And 
you should offer the appropriate educational background and 3-5 years of experience in 
one or more of the following areas: 


EL ESS! 
Systems Engineering 
Command & Control; Digital Communications, Sensor, Management, Tactical Systems; 
Data Exploitation; Configuration Management; Transition Activation; Software Applica- 
tions; Advanced Space Technologies; Satellite Space-Based. 


Software Quality Assurance 

Large application software and systems projects; C, Ada, relational databases, CASE: DoD- 
STD-2167/2167A/2168 and related standards. Positions offer training in SQA and software 
development methodologies and advanced languages/tools. 

Systems Programming 

IBM MVS/XA, CICS, VM, VTAM 

Programming, Software & Systems Analysis 

IDMS/ADSO, COBOL, M204, FOCUS, JCL, 4GL; Wang Alliance or VS; UNIX or C; com- 
munications protocols 


Relational Database Management 
DB2, IDMS/ADSO, Adabas/Natural 


Previous military or civilian experience in a sensitive classified environment is preferred. 


Bring your vision of tomorrow’s systems to a company that knows how to make the most 
of your special skills. Beyond excellent technical challenges in an environment that brings 
out your best, you can count on exciting growth potential that could include an in-house, 
accredited Master’s program. 

If you're interested in the Washington area, please send your resume to: GE Aerospace 
Military & Data Systems Operations, Dept. D312, 8080 Grainger Count, Springfield, VA 
2213553. 

Valley Forge candidates should respond to: GE Aerospace Military & Data Systems Opera- 
tions, Dept. D312, Room 126, 234 Goddard Boulevard, King of Prussia, PA 19406. 


GE Aerospace 
Military & Data Systems Operations 


An equal opportunity employer. U.S. citizenship is required. 
202 EDN March 29, 1990 
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Motorola Cellular, we see 
no end in sites. | 


Stretching from the U.S. throughout the Far East, Latin 
America and Europe, Motorola cell sites cover the world. 
In fact, the company that pioneered cellular communica- 
tions Is now outdistancing all competitors combined. We're 
bringing the worldwide telecommunity closer and paving 
the way for even greater breakthroughs...like our patented 


four-cell reuse plan that supports 
more voice channels with fewer 
cell sites. 

And with just 1% of the global 
cellular market developed, the op- 
portunities at Motorola Cellular have 


just begun. We're developing the 
most advanced software, switch- 
INg equipment and radio tele- 
phone exchanges. We're 
constantly modifying, up- 
dating and simplifying 
systems while enhanc- 
ing RF sector-sharing 
Capabilities. 


Flexibility, capability and 
expandability...that’s what 


Motorola Cellular can offer its customers...and your 
engineering career. If you want a career as dynamic as our 
growth, set your sites on one of the opportunities on the op- 
posite page. 


We offer an attractive salary, a comprehensive benefits 
package and opportunities for professional growth. For im- 

mediate consideration, please send your 
resume to: Supervisor, Pro- 


fessional Recruitment, 
Motorola Inc., Cellular, 
1501 West Shure Drive, 
Arlington Heights, IL 
60004. Or FAX your re- 
sume to: (708) 632-5717 
(our 24-hour FAX line). To 
access our On-Line Ca- 
reer Network from your PC, 
dial (508) 263-3857, press 
return twice, and key in 
password LEGACY. We are 
an equal opportunity/affir- 
mative action employer. 


MOTOROLA 
Cellular Subscriber Group 


Radio Telephone Systems Group 


EDN March 29, 1990 


SOFTWARE: Real-time software development using C, 
UNIX* Pascal, Ada, assembler and structured design; ex- 
perience in software quality, metrics, or testing; CASE software 
tools (Sun, Apollo); design, programming and system debug- 
ging for telephone digital switching or data communication 
systems; assembler and high-level structured languages; hard- 
ware diagnostics; object oriented design, C++; software 
development tools such as Teamwork and Interleaf; ASN.1 
(Abstract Syntax Notation); data communications protocols 
(CCITT #7, OSI, X.25, X.75, PAD, LAPB, LAPD, Ethernet, ISDN, 
CCITT V series modem, group 3 fax); modeling and simula- 
tions (GPSS, SIMSCRIPT and other simulation tools). 
BSEE/BSCS/BSCE or equivalent. Respond to Dept. SW. 


ELECTRICAL/COMPUTER:Analog and RF circuit design, 
receiver or transmitter RF circuits; LCD display technology, 
acoustics, and 8-bit microprocessor software; infrared and fiber 
optics; low speed data; digital modulation; 900 Mhz RF power 
amplifier design with hybrid or microstrip circuitry; RF device 
development with device vendors; parallel and/or push-pull RF 
amplifier design at 900 Mhz or UHF; A/D and D/A convertors; 
RF propagation; passive and active filter theory; microwave 
antenna design; UL, EMI and RFI requirements; HP 3062 test 
system; HP 9000; digital hardware, microprocessor applica- 
tions and interfaces; digital switching technology; firmware 
development methodology; PCM and digital telephony; digital 
signal processing; ASIC design; LAN systems, PSTN stan- 
dards, ISDN standards, processor architectures, high-speed 
logic; 16-bit MPU design practices, programmable logic; digital 
modulation synchronization, adaptive signal processing, viterbi 
algorithm and MLSE, decision Feedback equalizer; convolu- 
tional code and linear block code, speech coding, echo 
cancellation, encryption; CAE techniques for digital hardware 
design using Mentor Graphics, etc.; data communications pro- 
tocols (CCITT #7, OSI, X.25, X.75, PAD, LAPB, LAPD, Ethernet, 
ISDN, CCITT V series modem, group 3 fax); computer network 
management/administration (Apollo, Sun, Mentor Graphics, 
Applelalk). BSEE/MSEE/ BSCE/BSCS or equivalent. Respond 
to Dept. EC. 


MECHANICAL: Electronic packaging; CAD, CV CADDS 4x; 
materials selection and geometric tolerances and dimension- 
ing; extruded metal; injection molded plastics; life test pro- 
cedures and factory introduction and support; plating materials 
and processes; structural analysis modeling; die casting and 
sheet metal stampings; thermal management. BSME/ MSME 
or equivalent. Respond to Dept. ME. 


SYSTEMS: Radio/cellular communication systems engineer- 
ing; RF propagation prediction methods; PSTN traffic plann- 
ing; telephone network, interconnection and telecommunica- 
tion industry standards; microwave system design and equip- 
ment engineering; telephone switching systems; software pro- 
gran skills. BSEE/BSCE/ BSCS or equivalent. Respond 
to Dept. S. 


*Registered trademark of AT&T. 


Our breakthroughs 
are heard around the world. 


MAKE WAVES AT 
MERCURY MARINE! 


Mercury Marine, the nation’s leading marine engine 
stern drive manufacturer, has exciting opportunities 
for individuals who enjoy a good challenge. Located 
in Stillwater, OK, we’re making waves in the stern 
drive industry. If you thrive on excitement, you 
should consider one of the following positions: 


Project Engineers: Take projects from “concept to 
customer.” BSME with minimum of 5 years 
experience with internal combustion engines 
(gasoline and diesel), mechanical devices, drive 
trains, and engine management systems. 


Design Engineers: CAD experience plus a 2 or 4 
year degree in mechanical design with knowledge 
of materials, stress analysis, manufacturing pro- 
cesses, and layout techniques. 


Engineering Technicians: Experience in prototype 
development model shop practices, mechanical 
assembly and hand tool use. 2 year Associate 
Degree helpful. Also need specialists in electronics 
and electrical products, gears/gear trains. Expe- 
rience in troubleshooting, testing, and diagnosing 
items related to internal combustion engines. 


We offer competitive salary and benefits, an 
excellent relocation package and most importantly, 
an opportunity to be recognized for individual 
contributions to the industry leader. Submit resume 
in confidence to: Mercury Marine, Attn: Dale 
Wagner, 3003 North Perkins Road, Stillwater, OK 


M/F/H. 


Employment Opportunity 

Company needs an applicant 
who must have B.S. in Mech- 
anical Engineering with at least 
2 years experience as software 
Engineer and must have 
knowledge to use Computer 
Languages C and Assembly. 
Will do research, design and 
develop high performance 
graphics controllers for the ap- 
plications in Computer-Aided 
Design (CAD), and to imple- 
ment the drafting software for 
Mechanical/Electronic 
Computer-Aided Design and 
Manufacturer Adaptor. 40 
hrs./week, $31,100.00/year. 
Please submit resume to Mrs. 


Jimmie Gaston, Div. of Employ- ° 


ment Security, 505 Washing- 
ton, St. Louis, MO 63101, re: 
Job #354036. 


74075-2299. An Equal Opportunity Employer 


vise th 
MARINE 


Employment Opportunity 


Our company needs an applicant 
who must have M.S. Degree in 
Computer Science and knows how 
to design and implement data base 
management system, to implement 
natural/structure language process- 
ing, to design and implement a 
multi-window (screen) online in- 
structional system and to use code 
generate concept and C and 
Pascal-2 computer languages. Ap- 
plicant will design, develop, 
engineer, manage, test and main- 
tain the software package of “selec- 
tive ticker’; will manage, direct and 
analyze the computer programm- 
ing; and will test the specialized 
software systems developed. 
40-hour week, $35,100/year. Please 
submit resume to Mrs. Jimmie 
Gaston, Dir. Employment Security, 
505 Washington Street, St. Louis, 
MO 63101, re: Job #35418. 
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ORCHESTRATING DESIGN SOLUTIONS 


Cadence’s performance in IC Design Auto- 
mation isreceiving critical acclaim world- 
wide. Astheindustry’s newest $100 million 
company, we’ re bringing audiences to their 
feet with completely integrated design 
solutions that have customers up and run- 
ning in no time flat. Of course, we’re not 
stopping there. We’ re positioning ourselves 
to become leaders in the overall Electronic 
Design Automation (EDA) market. 


To achieve this, we have software develop- 
ment teams that cover the entire range of 
EDA, including IC, CAE, Systems, and Ana- 
log. If you’re the kind of performer who 
can win rave reviews, consider Cadence. 
The critics’ choice. 


IC R&D 


® Software Development Engineers 
Design Methodology & Solution 
Data Translation 
Back Annotation Development 
Data Translator Design 
Layout Verification 
Software Porting 

= UNIX* Systems Programmer 

® Quality Analyst 

™ Case Manager 


Refer to Job 300-EDNHK/RD 


SYSTEMS R&D 


® Software Development Engineers 
Systems R&D Vendor Design 
Design Entry 
Design Synthesis Interface 
Engineering Documentation Tool 
CAE Library Development 
Simulation Interface 


Refer to Job 350-EDNRD/ME 


ANALOG R&D 


® Software Development Engineers 
Mixed Mode Simulation 
Analog Physical Design 

# IC Applications Engineers 

= Marketing Manager 

® Product QA Engineer 

#® Analog Specialist 

® Technical Writer 


Refer to Job 380-EDNHK/MF 
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FINE TUNED 
o0%, ee oo 


CORPORATE MIS 


® Telecommunications Manager 
# Senior Systems Administrator 


Refer to Job 421-EDNHK 


DOMESTIC SALES 


# IC Applications Engineers 


San Jose, CA Edison, NJ Phoenix, AZ 


Denver, CO Dallas, TX Orlando, FL 
# Sales Representatives 

San Jose, CA Irvine, CA Edison, NJ 
® Asian Sales Development Engineer 
® Domestic Sales Engineer 
® Associate Program Manager 
# Administrative Assistant 


Refer to Job 200-EDNMF/RD/CD 


MARKETING 


= IC CAD Software Product Marketing 
Manager 

# IC CAD Software Product Marketing 
Director 

= IC CAD Software Product Marketing 
Engineer 

® Director, Hardware Vendor Relations 


Refer to Job 110-EDNMF 


OPERATIONS 

# QA Engineer 

® Systems Training Engineer 
# Consulting Engineer 

® Senior Technical Writers 
® Senior Technical Editor 

# Systems Administrator 


Refer to Job 500-EDNHK 


FINANCE/ADMINISTRATION 


® Contract Specialist 

# Accounts Receivable Staff Accountant 
@ Treasury Analyst 

® Financial Analyst 

= Legal Administrative Assistant 


Refer to Job 400-EDNCD/JC 


CORPORATE APPLICATIONS 
ENGINEERING 


= IC Applications Engineer 
Refer to Job 220-EDNJC 


~@\ 
JAPAN OPPORTUNITIES \@ 


We have the following opportunities 
available in our facility in Tokyo, Japan. 
You must speak fluent English/Japanese, 
with a strong comprehension of the 
Japanese culture. 


= Applications Engineers 

® Software R&D Engineers 

® Software R&D Managers 

@ Sales/Marketing Engineers 

®# Documentation/Translation Specialist 


Refer to Job JPN-EDNJC 


ADVANCED CAE DIVISON 
Lowell, MA 


The Advanced CAE Division of Cadence 
is involved in HDL-based design entry 
and analysis, simulation technology 
(Verilog® , VHDL) and modeling. We 
have positions open on all levels for: 
Software Engineers and Project Leaders 
in Lowell, MA and San Jose, CA. 


Refer to Job ACD-EDNEM 


FAX YOUR RESUME TODAY! 
408-954-8766 


Cadence offers a competitive compensa- 
tion and benefits package that includes 
a stock option program, 401(k) and 
educational assistance. If unable to FAX, 
please mail your resume, indicating ap- 
propriate Job number, to: Cadence Design 
Systems, Inc., Human Resources, 555 
River Oaks Parkway, San Jose, CA 95134. 
We are an equal opportunity employer. 


*UNIX is a registered trademark of AT&T. 
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Finding a company that can focus 
its global resources on your 
needs isnt easy. 


It's essential. 


One of the greatest challenges facing any 
electronics company today is to be customer 
responsive on a global scale. 


Years ago, Molex anticipated that customers 
would demand innovative interconnection 
products of the highest quality, delivered on 
time to virtually anywhere in the world. 


We built state-of-the-art manufacturing 
facilities in over 20 countries, established a 
worldwide sales and distribution network, 
and created a special group to coordinate 
our business with multi-national accounts. 


These extensive resources enable us to 
focus on our customers’ worldwide design, 
purchasing and manufacturing needs today— 
not tomorrow. 


® 


ae 
molex 
Me oe 


Bringing People & Technology Together, Worldwide™ 


Corporate Headquarters: 2222 Wellington Ct, Lisle, IL 60532 U.S.A. Tel: (708) 969-4550 * European Headquarters: Munich, West Germany, Tel: 49-89-413092 
Northern Asia Headquarters: Tokyo, Japan, Tel: 81-427-21-5539 ¢ Southeast Asia Headquarters: Jurong Town, Singapore, Tel: 65-660-8555 


© 1990, Molex Incorporate 
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ind modems: 


our cost effective 


Concentration: 
spend your time 
and money on what you 
do best. 


You excel at what you do; we excel 

at designing and producing modems. 
Devote yourself to developing and 
marketing your products more effec- 
‘ively, and get the modems you need 
from us. We have invested heavily 

in automated production equipment, 
test instrumentation and a large 
technical staff so you won't have to. 


Reliability: because nothing costs 
like something that doesn’t work. 


Once you receive an OEM modem from UDS, install it, ship 
it and forget it. Our quality assurance procedure ranges 
from incoming chip burn-in to 100% testing of all modems 
prior to shipment. This attention to quality assurance has 
put our historical reliability rate near the 99th percentile. 


Experience: we have already solved 
most of your problems. 


Over the past 20 years, we have designed, produced and 
delivered more than 2 million modems in over 3,000 dif- 
ferent configurations. We have proved our capability to 
fulfill nearly any form, fit and function requirement from 
0-300 to 56,000 bps. 


Commitment: more 
than a promise, it’s 
our reputation. 

Supplying an edge in price/perfor- 
mance begins and ends with commit- 
ment. UDS is committed to the 
manufacture of modems-— and only 
modems. We're also committed to the 
needs of OEMs, who buy over 30% 
of the modems we make. We have 
built a position as an industry leader 
by honoring commitments — 
commitments to your quality demands, commitments to your 
deadlines, commitments to your demand for value. 


Get us in your corner. 


Contact us, and we'll help you corner your share of 
datacomm market. Let’s talk specs and prices! 

UDS, 5000 Bradford Drive, Huntsville, AL 35807-7002. 
Telephone: 205/721-8000; FAX: 205/721-8926. 


(AA) MOTOROLA 


Created by Dayner/Hall, Inc., Winter Park, Florida 
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Standard tr 
the industry powerhouse. 


ignal Transformer is the industry leader in off-the-shelf power magnetics. What made us the leader? 
The ability to innovate...creating time and again the industry standard designs that the competition never 
stops trying to copy. The willingness to go the distance for our customers. And our PRONTO program of 
24 hour delivery on off-the-shelf stocked items. Check out Signal's line of off-the-shelf transformers. Because 
if your design needs a 50/60 Hz power transformer, chances are 


Y | | 
that Signal makes it and stocks it. | 
When your'e ready for standard magnetics, | 


youre ready for Signal. TRANSFORMER 


PHONE: (516) 239-5777 
FAX: (516) 239-720 
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THE FLATHEAD® LP SERIES 


@ Low profile for close PC board 
spacing from a minimum of 


@ Smaller footprint for maxi- 
mum PC board component 


,. 0.650” to a maximum of 1.375” density 
— ® Dual primary...115/230V, 50/60 Hz @ 50/60 Hz...115V or 115/230V 
_ ® Sthrough 230V outputs; at 1OmA primary 


through 9.6A; 2.5 VA through 
48 VA 

e Maximum power in minimum 
volume 


: THE 2-4-1 SERIES 


e Chassis mounting 


® Solder and quick-connect 


@ 5 through 120V outputs; at 
l10mA through 7.2A; 
1.1 VA through 36 VA 


THE ONE-4-ALL™ SERIES 


@ VDE certified 
e UL recognized and 


terminals CSA certified 
@ 50/60 Hz...115V or 115/230V @ Dual primary...115/230V, 
primary 90/60 Hz 


@ 10 through 120V center-tap 
outputs; at 20mA through 
10A; 2.4 VA through 100 VA 


@ 5 through 36V outputs; at 
70mA through 11.2A; 
2.9 VA through 56 VA 


THE MORE-4-LESS™ SERIES 


@ High power, isolation/step-down 
transformer 


e VDE certified 

e UL recognized and CSA 
certified 

@ Chassis mount...solder and 
quick-connect terminals 

@ Dual primary...115/230V, 
50/60 Hz 

@ 5 through 230V outputs; at 

110mA through 35A; 

25 VA through 175 VA 


@ UL (544 & 506) recognized and CSA 
certified 

® Shrouded terminals...screw and 
~~ quick-connect terminals 

<— ® Choose between 105/115/125V 

or 210/230/250V primary 

e 300, 600, 1000 VA ratings available 


@ 115V secondary 


® Signal's rugged high power 
series 

@ 115V primary 

@ 5 through 80V output; 1 through 
200A, 10 VA through 2.8 KVA 

e@ Dual center tapped secondaries 
for maximum flexibility 


e Industrial grade stepup/ 
stepdown | 

@ Dual primary; 110/220V, 
Ys through 10 KVA 

@ Available with 110/220V 
or 220/440V dual secondary 

e Taps on primary and sec- 

ondary allow + 15% output 

voltage adjustment 
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